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SqUARATE DYES ANO THEIR USE IN FLUORESCENT SEQUENCING METHOD 

This Invention concerns the use of a class of dyes in various 
biological applications. Some of the dyes are claimed as new compounds 
perse. 

Background to fha Invftntiffn 

The development of automated fluorescent methods has led 
to increased data generation in DNA sequencing projects. Smith et al US 
6.171.534 have described a fluorescent DNA sequencing system. 
Waggoner stM US 5.268.486 have described the properties of some 
conjugates of cyanine dyes and Middendorf US 5,230,781 and Patonay 
EP 670 374 have described the use of various cyanine dyes in DNA 
sequencing. Berger et al European patent 214 847 has described the use 
of other cyanine dyes some of which contain squarate groups In assays 
which Involve a specific binding partner. Other squarate dyes are 
described by Pease et al In USP 4.830.786 and subsequent divisional 
patents, and by A J G Mank et al in Anal. Chem. 1995. 67. 1742-8. 
Cushman ef a/WO 93/09172 and Krutak e/a/ W094/19387 have 
described cyanine dyes containing squarate groups for use in 
themioplastics and inks. 

There is a need for methods of detecting biologically 
significant chemical species (hereafter blologteal molecules) at increased 
convenience and sensitivity in general and particularly for DNA 
sequencing and DNA mapping experiments. 
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Summary off Preagnt InYontion 

In one aspect the invention provides an adduct of any 
biological nrioiecule with a squarate dye as defined below. Examples of 
biological molecules are peptides, proteins, antibodies, polysaccharides 

5 and drugs. Preferably the biological molecule is a nucleoside or 

nucleotide or analogue or oligonucleotide. An analogue of a nucleoside 
or nucleotide may be a nucleoside or nucleotide derivative or other sugar- 
heterocycle which inhibits or mimics biological activity of nomial 
nucleosides or nucleotides towards nucleic acid modifying or polymerising 

10 enzymes. An example of a nucleotide analogue is a chain temiinator. 
such as a dideoxynucleotide, as used in sequencing reactions. The 
adduct may have the formula Q-N-CO-Sq, where Q is a biological 
molecule such as a nucleoside or nucleotide or analogue or 
oligonucleotide residue, and Sq is a residue of a squarate dye, the two 

IS being joined by an amide linkage fomied between an amine group of Q 
and a carboxylate group of Sq. Altematively the linkage may be formed 
between a functional group such as carboxylic acid, or derivatives thereof, 
isothiocyanate, maleimide» iodoacetamide, or phosphoramidite, and a 
nucleophile such as an amine, thiol, hydroxy or other group, as known for 

20 other nucleotide or oligonucleotide adducts, whereby either the 

nucleophilic or electrophilic reactive grouping may be attached to the dye. 
Altematively the dye containing 0-alkyl or 0-alkenyl or O-alkynyl on the 
central moiety but with no other reactive functional group on the rest of 
the molecule may react with an amine or thiol or alcohol group to form a 

25 covalent linkage to a biological molecule. 

In a further aspect the invention provides for the labelling of 
species immobilised on solid supports. One example of this may be an 
immobilised labelled oligonucleotide monomer or a difunctional 
derivatised dye with one arm bound to a solid support which is used for 

30 automated DNA synthesis. In a later step the labelled oligonucleotide is 
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cleaved from the support. Another application may be the lab llingofa 
suitably derivatised solid support which is used in a heterogeneous 
luminescence based assay. In this instance the label may or may not be 
cleaved from the support. 
5 In another aspect, the invention provides an improved 

fluorescent sequencing method, which comprises using an adduct as 
defined. 

Squarate dyes are described in EP 214 847, the disclosure 
of which is incorporated herein by reference. A major aspect of the 
10 present invention is concerned with a family of squarate dyes that are 
particularly suitable for use in the adducts and the improved fluorescent 
sequencing methods defined above. According to this aspect, the 
invention provides a squarate dye of the formulae (I), (II), (lla), (III). (IV) or 
(IVa). 
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where each Z is independently O or S or CR^2> 
n«1 -3. 

R' is lower alkyi (1 - 4 carbon chain), 

each is independently selected from electron donating 
5 and electron withdrawing groups such as halogen, alkoxy, primaiy 
secondary and tertiary amino, nitro, SOj , and -R'-X, or is a branched or 
straight chain of up to 30 carbon atoms incorporating one to five positively 
charged nitrogen atoms, 

each R' is independently selected from: aikylene. 
10 alkenylene and alkynylene (1 - 20 carbon chain), or is a branched or 
straight chain of up to 30 carbon atoms incorporating one to five ether 
oxygen atoms or arylene rings or positively charged nitrogen atoms, 

at least one X is a nucleophilic functional group, such as 
OH, SH or NH;, or alternatively a grouping capable of reacting with a 
IS nucleophite, in which case X is preferably selected from the following: 

COjH, activated carboxyl such as acid halide or anhydride, 
CO active ester, NCS, O phosphoramidite, NC(0)CH2l and 

:^ 

20 

any other X present is independently selected from H and 
SOj'. and the residue of a squarate dye (whereby dinners and oligomers of 
the dyes shown as monomers of formula (I). (II), (lla). (Ill), (IV) and (IVa) 
are envisaged) or other fluorochrome. 
25 each of s and m is 0, 1 or 2. 

A is O, NR* or S. 

is alkyl. alkenyl, alkynyl or H, and 
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each Y is independently X or H. 
At least one group R' may be SOj in the compounds of 
formula (I), (II) and (lla). Except when X is phosphoramidite (when SOj- 
groups are optional), preferably 1 to 5 SO,- groups are present to provide 
s improved solubility in aqueous solvents. 

The presence of sulphonic acid groups within the dye confers 
several advantages, namely increased water solubility, increased 
photostability. brightness and the potential reduction of interactions with 
surroundings. 

10 Biological molecules such as proteins, antibodies, DNA and RNA 

are intrinsically water soluble to enable them to carry out their functions in 
a biological environment. There are well known procedures for isolating 
them by the addition of organic solvents, such as ethanol, to precipitate 
them from solution. To enable them to be labelled by reactive dyes, the 

15 dye molecules themselves must be either soluble in an aqueous 
environment or a mixed aqueous organic environment that does not 
precipitate or denature the biological molecule being labelled. The 
presence of sulphonic acid groups on the described squarate dyes greatly 
enhances their water solubility. Thus the squarate dyes syntheslsed for 

20 comparative studies in Example 13 lacking the sulphonic adds were 
found to require the addition of dioxan for labelling a HjN-DNA primer as 
described In Example 5. Although a degree of successful labelling of 
DNA could be achieved by such procedures the relatively high organic 
content would likely cause either precipitation or denaturing of a protein. 

25 The squarate dye (13c) in Example 13 derived from benzlndole 
derivatives was initially found to be non-fluorescent. The fluorescent 
properties were restored by boiling the dye in a 1% SDS detergent 
solution to prevent aggregation and hence self-quenching of 
fluor sc nee. Such aggregation is well known for cyanine dyes in the 

30 photographic industry (West, W and Pierce S. J. Phys Chem 69, 1894 
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(1965), Sturmer, D M. Spec Top in Heterocyclic Chemistry. 30 (1974)). 
When the corresponding sutphonated dye (2h) in Example 2 was studied 
no such problems were encountered. 

5 The presence of sulphonate groups on the squarate dye confers to 

the dye an overall net negative charge. This assists in reducing non- 
specific hydrophobic interaction with biological molecules. DNA and RNA 
are by nature negatively charged due to the phosphate backbone, thus a 
negatively charged dye will be repelled by electrostatic interactions and 

to limit any labelling to the specific reaction of the attached reactive 
groups/nucieophile. Even after labelling the presence of sulphonate 
groups on the dye in the dye conjugate will assist in minimising 
hydrophobic interactions with any plastic components encountered in the 
manipulation of the squarate dye conjugate. In sequencing applications, 

15 particularly capillary gel sequencing, the negative charge on the dye will 
prevent any adverse interaction with the capillary wall coating within the 
capillary that would greatly distort the results, as the capillary wall coating 
has already been optimised for the negatively charged DNA. 

20 The presence of a sulphonic acid group on the aryl portion of the 

dye imparts greater photostability to the dye. This is illustrated by the 
tables in Example 13, which has determined the ty^ of the dyes when 
exposed to a bright light source. All those squarate dyes lacking an aryl 
sulphonate have the lowest t^^. The presence of two sulphonic groups 

25 increases further the photostability. For comparison a commercially 
available cyanine dye (Cy5^) has also been included in the tables. 



30 



When the reactive group is a phosphoramidite the absence of a 
sulphonic acid group is preferred but not essential. It is well known that 
DNA/RNA can b synthesised on a solid support by using 
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phosphoramidite nucleotide monomer building blocks. There is also a 
range of phosphoramidite labels that can be used to attach haptens and 
dyes within a growing DNA chain or at the tenminal 5* or 3' end dependent 
upon the users requirements. S.LBeaucage ef a/in Tetrahedron 49, 

5 1925, (1993). Common to ail these approaches is a protection strategy to 
ensure all reactive nucleophilic hydroxyl or amino functionalities within 
any phosphoramidite are protected to prevent reaction with the 
phosphorus (III) reagent during phosphoramidite activation and addition. 
On a DNA synthesiser these phosphoramidite additions are normally 

10 carried out in organic solvent, typically acetonitrile. 

It has been found that alcohol derivatives of the squarate dyes of 
this invention can be readily converted to the required phosphoramidite 
derivative without recourse to protection of the hydroxyl species on the 

15 central cyclobutenediyiium-1 ,3-diolate ring to which the indoleninium etc. 
intennediates have been coupled. This is an unexpected result and 
contrasts with the elaborate synthesis required to produce a fluorescein 
dye phosphoramidite perfomied by P. Theisen a/ Tetrahedron Lett. 22. 
5033, (1992). The absence of a sulphonic acid group in the squarate dye 

20 phosphoramidites is desirable so that acetonitrile can still be used as the 
reaction solvent of choice on the DNA synthesisers. It has also be found 
that phosphoramidites of the squarate dyes can be synthesised even 
when a sulphonic acid group is present. Both types of derivatives have 
been used to label a DNA primer and subsequently generate sequence 

25 infomnation - see Example 1 1 . 

The synthesis of the squarate dyes can be carried out either in a 
one step procedure or by the reaction of squaric acid or its derivatives 
with first one chosen intermediate and isolation of the *'half dye" type 
structure with subsequent reaction with the intermediate of choice to 

30 provide the required unsymmetrical dye. Example 1 provides a range of 
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intermediates that can be used to prepar any specific dye of choice. 
Substituents ( ) on the aromatic rings can lead to significant effects on 
the properties of the dyes, e.g. wavelength shifts and stability. ( See The 
Chemistry of Synthetic Dyes, Venl<ataraman, Academic Press NY 1971, 

5 voL4, chapter 5, part iiic, pages 228-240, particularly Table 1 on page 
230. ). The intemnediates also provide a range of X derivatives that can 
be chosen e.g. OH, NHj which can both be readily converted into 
phosphoramidite or iodoacetamide respectively and carboxylic acid 
groups for conversion to activated carboxylic derivatives upon the 

10 required strategy for coupling to a biology molecule. Thus nucleotides 
such as 5 - aminoailyl dUTP require a succinimidyl ester squarate 
derivative where as a cysteine residue on a protein requires a maleimide 
or iodoacetimide squarate dye derivative. Those skilled in the art of 
conjugation will realise the conjugation strategies above are illustrative 

1 5 and are not meant to be limiting. 

The variations induced by the variants in the substituents on the 
aromatic rings (R^), or an increase in the number of conjugated aromatic 
rings ( e.g. benzindole instead of indole) generally provide relatively subtle 
changes of wavelength and stability. A more significant change in 

20 wavelength properties can be induced by varying n in the central ring of 
the dye. These dyes are based on the squaric acid (n = 1 ), croconic ( n = 
2 ), and riiodizonic ( n = 3 ), collectively termed squarate dyes herein for 
brevity. The value of n determines the approximate maximum excitation 
wavelength : 570-690nm n = 1, 690-790nm n = 2, 790-890nm n = 3. 

25 The synthesis of unsymmetrical squarate dyes with functional 

groups or reactive groups attached to linker arms either on the aromatic 
ring as an substituent or off the nitrogen in the heteroaromatic ring is an 
achievable process as demonstrated in the examples. Generally taking 
advantage of symm try can improve the overall synthetic yields in any 

30 giv n process. The modification on the central cyclobutenediylium -1 ,3- 
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diolate ring where n=1 and the corresponding derivatives where n= 2 or 3 
can provide an overall more efficient process as w II as a novel labelling 
position. The Examples 7-10 provide processes wherein the squarate 
dyes are first converted to an ether derivative and then subsequently 
5 further reacted to provide the required functionality for attachment to a 
biological molecule. The modification of the initial ether derivatives is not 
necessarily required for attachment to biological molecules as the ether 
derivative itself will react with amine groups. Modification of the central 
ring is not the only strategy that can be employed to increase ease of 
synthesis. The mono-protection of difunctional squarate dyes ( e.g. two 
identical X groups present ) as in Examples 11 h and 11k can also 
provide mono-reactive derivatives. This approach also allows for 
deprotection of the second functional group for the subsequent reaction to 
a second biological molecule, stationary phase or dye as required. 

The modification of the central ring has also been found to 
alter the fluorescent properties of the dyes. Thus, the replacement of the 
initial O methyl substituent with a R^NMe group has been found to 
dramatically reduce fluorescence providing for a quencher type dye. 
When the substituent on the aromatic portion of the dye (R^) is a nitro 
group the same sort of affect can be achieved. 

These squarate dyes can be used in fluorescence energy 
transfer (ET). This technology is mediated by a dipole - dipole coupling 
between chromophores that results in resonance transfer of excitation 
from an excited donor chromophore to an acceptor chromophore (Forster, 
T (1965) In Modem Quantum Chemistry. Istanbul lectures, part III Ed. 
Sinanoglur. O (Academic, New Yoric) pp 93-137). 

Fluorescence ET is a useful spectroscopic phenomenon that 
is well known in biological analysis, (Stryer, L, Ann, Rev. Biochem.. (1978) 
47 819-846; Cardullo. R A, et al Proc. Natl. Acad. Sci USA. (1 988) 85 
8790-8794; Ozak H et al, Nucleic Acids Res., (1992) 20, 5205-5214; 
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Clegg R M etal. Biochemistry (1992) 31 4846-4856 and Proc. Natl. Acad. 
Sci. USA, (1993) 90 p2994-2998; Selvin P R. Proc. Natl. Acad. Sci USA, 
(1994)91 10024-10028). 

In one example, the donor dye, absorbs light at the 

5 wavelength of. for example, the appropriate laser. The energy emitted 
from this donor dye is transfen-ed to a second dye. the acceptor dye. This 
acceptor dye emits the energy as fluorescence at the normal wavelength 
at which the acceptor dye emits. For example, a system based upon 
squarate dyes derived from two indolinium intermediates, as a donor 

10 absorbing at ca. 633 nm, and an acceptor derived from benzindolinium 
intennedtates, absorbing at ca. 665 nm. can be envisaged. 

This principle has been used in many biological assays 
included DNA sequencing and analysis (Jingyue Ju et al Proc. Natl. Acad. 
Sci USA (1995) 92 p4347-4351). 

15 In a further example the acceptor molecule may be chosen 

such that it quenches the energy emitted from the donor. The acceptor is 
then called a quencher. Such principles have been used in 
homogeneous gene detection assays. (Tyagi S et al Nature 
Biotechnology (1996) 14 (3) p303-308). Squarate dyes can be designed 

20 which can be used as donors and/or acceptors or quenchers as described 
above. 

Thus the invention also provides a fluorescent labelling 
complex comprising: 

• a first or donor fluorochrome having first absorption and 
25 emission spectra; 

• a second or acceptor fluorochrome having second 
absorption and emission spectra, the wavelength of the emission 
maximum of said second fluorochrome being longer than the wavelength 
of the emission maximum of said first fluorochrome, and a portion of the 

30 absorption spectrum of said second fluorochrome ov riapping a portion of 
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the mission spectrum of said first fluorochrome; 
• at least one link r for covalently attaching said first and 

second fluorochromes for transfer of resonance energy transfer between 
said first and second fluorochromes; 

5 • a ta^Q^t bonding group capable of fomfiing a covalent bond 

with a target compound; 

wherein at least one of the said first and second 
fluorochromes is a squarate dye. 

As demonstrated in the experimental section below, 
10 squarate oligonucleotides conjugates can be used successfully in 

automated fluorescent DNA sequencing. In this application they can offer 
several potential advantages over other dyes which absorb at shorter and 
longer wavelengths: 

1 . The 632 nm red HeNe laser is significantly cheaper than the 
15 Argon ion, GaAIAs, YAG and 594 nm HeNe lasers used in other DNA 

sequencers. 

2. The optics and filters are much simpler and cheaper than 
diffraction grating, fibre optic and scanning confocal microscope 
arrangements used by other sequencers. 

3- The longer excitation wavelength makes the use of soda 

lime glass plates possible, avoiding more expensive low-fluorescence 
borosilicate glass. 

The red laser causes less background fluorescence from gel 
and buffer components which in turn Increases signal to noise levels and 
improves sensitivity. 

5- The squarate dyes are more photostable than other dyes 

such as cyanines. 

6. By the careful selection of dyes with differing spectral 

characteristics DNA could be sequenced within one track on a slab or 
capillary gel based sequencing instrument. 
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7. By the careful manipulation of the overall dye charge versus 

the degree of dye lipophilicity it is possible to synthesis either pairs or sets 
of dyes such that they have a matched gel mobility shift upon conjugation 
to DNA. This provides for the ease of user analysis of all the rav\/ 

5 sequence data and reduces the reliance upon complex deconvolutton 
algorithms and computer generated results. 

The squarate dye may include a branched or straight chain 
of up to 30 atoms incorporating 1-5 positively charged nitrogen atoms. 
Preferably each positively charged nitrogen atom is provided by a 

10 quaternary ammonium group, an imidazole group or a pyridinium group. 

The above illustrates how the squarate dyes can be 
modified by the addition of charged residues, for example the sulphonate 
grouping which provides for negatively charged dyes. In certain 
applications neutral or positively charged dyes are either necessary or 

IS advantageous. The addition of various numbers of quaternary nitrogen 
species to the dyes will provide overall positively charged dyes if no 
sulphonate groups are present or overall negatively, neutral or positively 
charged dyes if sulphonate groups are present. The above combined 
with the ability to vary the wavelength of any given dye by the choice of 

20 dye starting materials and/or squaric acid derivatives allows for the 

synthesis of matched dyes suitable for 2D gel applications as outlined in 
Waggoner et al, WO 96/33406. 
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EXPERlMgNTAL EXAMPLES 

EXAMPLE 1 

5 Synthesis off intermediates for dye ayntheaia 

The starting quatemised indolenines and related derivatives 
were prepared according to the methods of R.B.Mujumdar et ai 
Bloconjugate Chemistry, 1993. 105, G. Patonay etai J.Org. Chem. 
1995. 6Q. 2391 and E. Barn! etai Heterocyclic Chem. 1985.22J727 . A 
10 representative example is included in each case. 

Potassium 2,3,3-trimethyiindQienme^S-suiphQnate (la) 

To a 21 three necked round bottomed flask equipped with a 
mechanical stiner was added acetic acid (300 ml), 3-methyl-2-butanone 
15 (168 ml, 1 .6 mol) and 4-hydrazinobenzene sulphonic acid (100 g, 0.53 mol). 
This was then heated under reflux for 3h and then cooled, with stining. 
overnight. The resulting pink precipitate was collected by filtration and then 
dried in vacuo at 60^C. 

The crude product was converted to the title potassium salt 
20 by dissolution in methanol followed by addition of a saturated solution of 
KOH in /so-propyl alcohol. The precipitated yellow solid was collected by 
filtration and dried in vacuo at 60^C. 

5„ (270 MHz,D20) 7.15 (1H. s), 7.11 (1H, dd. J= 7.0. 1.2Hz), 
6.52 (1H, d. J = 7.0Hz). 2.21 (3H, s). 1.38 (6H, s). 

25 

Potassium 1-f4-sulphonatobutvh-2.3,3-trimethvlindQleninium,S- 

8nlphQnate(ib) 

The potassium salt (la) (1 1 .0 g, 40 mmol) and 1 ,4-butane 
sultone (6.5 g, 48 mmol) were mixed together in 1.2-dichlorobenzene (50 
30 ml) and then heated with stining at 1 10°C for 8h. The mixture was th n 
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cool d overnight. The excess liquid was decanted off and the residue 
triturated with «so-propyl alcohol, filtered and dried in vacuo at 60X. This 
was then HPLC purified (C-18, HjO/MeOH). 

5„ (270 MHziDjO) 8.08 (1 H. s). 7.96 (1H, dd. J = 9.0. 1 .2Hz). 
5 7.31 (1 H, d, J = 9Hz), 4.48 (2H. t. J = 7.5Hz). 2.23 (2H, t. J = 7.5Hz). 2.04 
(3H, s). 1.95 (2H, m), 1.48 (6H. s). 1.35 (2H, m). 

1 -f 5-CarboxvpentvH-2.3.3-trimethvlindoteninium .S-8ulphonate (1e) 
Synthesised by an analogous method to (lb) 

10 8„(270MHz:DjO)8.10 (1H. s). 7.99 (1H. dd. J= 9.0, 1.2Hz), 

7.29 (1H. d. J = 9.0Hz), 4.48 (2H, t. J = 7.5Hz). 2.29 (2H. t. J = 7.4Hz), 2.01 
(2H, m). 1.61(6H, s). 1.32 - 1.60 (4H, m); (270 MHz:DMSO d,) 8.03 (1H, s), 
7.96 (1H. d. J = 8.24H2), 7.84 (1H, d. J = 8.24Hz). 4.46 (2H. t. J = 
7.14Hz). 2.86 (3H, s). 2.23 (2H. U- 7.14Hz). 1.84 (2H. m), 1.55 (6H. s). 

15 1.41 (4H, m) 

6-Bromo-3-oxahexanoic acid 

To a stirred solution of glycolic acid (2.03 g, 26 mmol) and 
1 ,3-dibromopropane (6.41 g, 32 mmol) in THF (50 ml) was added sodium 

20 hydride (1 .56 g, 65 mmol). This was stirred at room temperature for 1 6h. 
The reaction mixture was quenched with dilute HCI (1.0 M. 100 ml) and 
then extracted into chloroform (3x50 ml). This was then washed with brine, 
dried, filtered and evaporated to dryness in vacuo. The residue was 
purified by chromatography (SiOj, CHCIj/MeOH) to yield the title compound 

25 (2.91 g, 57%). 

6„ (270 MHz:CDCI,) 3.95 (2H, s), 3.41 (2H, t. J = 7.0Hz). 3.25 
(2H, t. J = 7.0Hz). 1.57 (2H,m). 
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1-fS-CarbQXV-4-oxapentvn-2.3.3-trimethvlindoteninium.s.sulphnnati* 

m 

Synthesised by an analogous method to (lb) using 6-bromo- 
3-oxahexanoic add 

5 6h (DjO) 8.10 (1H. s), 7.99 (1H. dd. J = 9.0, 1.2Hz). 7.29 (1H. 

d, J = 9.0Hz). 4.48 (2H. t. J = 7.5Hz). 3.95 (2H. s). 3.25 (2H. t. J = 7.0Hz). 
1.61(6H, s). 1.57 (2H. m). 

1-Ethvl-2.3.3-trimBthvlindoleniniu m-S-sulphQnate(lA) 
1 0 Synthesised by an analogous method to (1 b) 

6h (270 MHz:DMSO de) 8.02 (1H. s). 7.94 (1H, d. J = 
8.24Hz), 7.83 (1H. d. J= 8.24Hz). 4.48 (2H, q. J= 7.14Hz). 2.85(3H. s), 
1.54 (6H. s). 1.44 (3H. t. 7.14Hz). 

IS 1-Butvl-2.3.3-trimethvlindoleninium.S.sulphnnatft(lf) 

Synthesised by an analogous method to (lb) 

5h(270 MHz;DjO) 0.85 (2H, t). 1.35 (2H. m). 1.50 (6H, s), 

1.83 (2H. quin), 4.36 (2H. t), 7.80 (1H, m). 7.91 (1H, m) and 8.02( 1H. app 

s). 

20 

1-Ethvl-2.3.3 -trimethvlindolflninlum indidc (Ip) 

Synthesised by an analogous method to (lb) 
5„ (270 MHz:DMSO d,) 7.97 (m. 1H). 7.84 (m, 1H). 7.63 (m. 
2H). 4.49 (q. 2H. J= 7.14Hz). 2.85 (s. 3H). 1.54 (s. 6H). 1.45 (t. 3H. J= 
25 7.14Hz). 



1-f4- SulPhonatQbutvn-2.3.3-trimethviindolenmium-5-acetlc acid (i^ ) 
Synthesised by an analogous method to (lb) 
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6h (270 MH2:DMS0 d.) 1.52 (6H. s), 1.74 (2H.quin). 1.96 
(2H. quin). 2.83 (3H. s). 3.44 (2H. br s). 3.74 (2H. s). 4.47 (2H. brt). 7.51 
{1H, d), 7.70 (1H. s) and 7.96 (1H. d). 

S 1 .(S^arboxvpentvn-2.3.3-triinethvlindoleninium bromide(1 i) 
Synthesised by an analogous method to (lb) 
6h (270 MHz;DMS0-d6) 7.89 (m. 1H). 7.86 (m, 1H). 7.63 (m, 

2H). 4.47 (t. 2H; J = 7.42H2). 2.86 (s. 3H), 2.24 (t, 2H; J = 7.14Hz). 1.83 

(m, 2H), 1.55 (s. 6H). 1.46 (m. 4H). 

10 

1.Butyl.2.3.3.trimBthylindolBninium-S.aeBtic acid iodide (If) 
Synthesised by an analogous method to (lb) 
6h (270 MHziCDjOD) 1.05 (3H, t). 1.45-1.60 (2H, m). 1.85- 
2.05 (2H. m). 3.75 (2H, s). 4.50 (2H. t), 7.57 (1H, d), 7.70 (1H, s) and 7.80 
15 (IH.d). 

1-Ethyi-2.3.3-trimBthyibenzindoiBninium iodide (lie) 

Synthesised by an analogous method to (lb) 
5„ (270 MHz;CDCl3) 1.52 (3H, t). 1.78 (12H, s). 2.97 (3H, s), 
20 4.64 (2H. q). 7.75( 2H. quin) and 8.20-8.50 (4H, m). 

1.(S^arboxypBntyl^-2.3.3.trimBthylbflnzindolBninlum bromide fll) 
Synthesised by an analogous method to (lb) 
5h (270 MHziCDCy 1.50-1.95 (4H. m), 1.85 (12H, s), 2.05 
25 (2H. quin), 2.37 (2H. t). 4.65 (2H, t), 7.70 (1H. t), 7.80 (1H, t). 8.05 (1H, d), 

8.17 (1H. d), 8.25 (1H. d) and 8.35 (IH, d). 



30 



5-lQdQpgntyl acetate 

5-Chloropentyl acetate (26.5g, 0.16mol) was added to a 
solution of sodium iodide (45g, 0.30mol) in dry acetone (200ml). The 
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resulting pale yellow solution was heat d at reflux for 65h, during which 
time a white solid separated (sodium chloride). The final mixture was 
cooled to room temperature and filtered to remove the NaCI, which was 
washed with acetone and diethyl ether, then dried under vacuum at 5(y*C. 
Expected yield of NaCI » 9.4g; isolated yield - 9.47g (100%). 

The filtrate and washings were combined and the solvent 
removed under reduced pressure; the residue was partitioned between 
water and diethyl ether. The ether layer was retained, washed with 
aqueous sodium thiosulphate solution and brine, then dried (Na2S04), 
filtered and the solvent removed under reduced pressure, to give titied 
compound as a yellow-tinged liquid, 39g (95%). 

5^ (270MHz, CDCI3) 1.50 (2H, m), 1.65 (2H, m), 1.85 (2H, 
m), 2.05 (3H, s. Cida-COO-), 3.18 (2H. t, I-Cld2-). 4.06 (2H, t. -CIJ2-OAC). 

1-(5-Acetoxvpentv»-2.3.3.trlmethylindnl eninium iodidA {in^) 

5-lodopentyl acetate (3.84g, 15mmol) was added to freshly 
distilled 2,3,3-trimethylindolenine (2.39g, ISmmol): this mixture was then 
heated at lOO'C for4h under nitrogen atmosphere, to give a reddish gum. 
After cooling to room temperature this was triturated repeatedly with 
diethyl ether and dried under high vacuum to give a viscous reddish gum. 
6.1g (98%). This material was used directly, without further purification. 

3-(g-AcetQXVPentvl)-1.1.2-trimethvlben2feWndoleniniu m iodide (In) 
5-lodopentyl acetate (19.4g. 78mmol) was heated to SOX, 
then 1,1,2-trimethyl-1H-benz(e)indole (16.2g, 77mmol) was added. This 
mixture was heated at lOOX for 4.5h before cooling to room temperature. 
The solidified melt was dissolved in 10% methanol / dichloromethane 
(100ml), then diluted with diethyl ether (400ml) to precipitate the product. 
After 30mins stirring the pale green crystals w re collected, washed with 
ether and dried to give (in), 33. 1g (92%). 
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MS (MALDI-TOF): 339 

8„ (300MHz. CDCI3) 1.55 (2H, m. -CH2-). 1-68 (2H. m, - 
Cld2-). 1-83 (6H. s, indole CMe2). 1.97 (3H. s. Cba-COO-), 2.0 (2H, m, - 
Ctl2-). 3.2 (3H, s, indole C2-CM3). 4.02 (2H. t. indole N-CJd2-). 4.78 (2H, 
5 t. -Cti2-0Ac). 7.6-7.7 5 (2H. m). 7.82 (1 H. d). 8.03 (2H. m). 8.08 (1 H, 
d). 

N-(3-Bromopropvl)trlethvlammonium bromide 

1 ,3-Dibromopropane (20.0g, lOOmmol) and triethylamine 

10 (5.06g, SOmmol) were mixed in dry toluene (50ml). This solution was 
heated at lOCC under nitrogen atmosphere for 4h, during which time a 
thick white solid precipitated. The mixture was then cooled and the solid 
collected by filtration, washed with toluene and ether and dried under 
vacuum at 50^C to give the titled compound 5.0g (36%). 

15 5h (300MHz. DMSO) broad peaks. 1 . 1 7 (9H, 3x N^CH,- 

Chla). 2.15 (2H, BrCHjCHjCHj-). 3.26 (8H. 4x N*-CtU). 3.62( 2H, 
Br- Ca-). 

1 ^(3.Triethylammo nium)proDvl)-2.3.3.trimethvlindolium dibromide 
20 UflJ 

Freshly distilled 2.3,3-trimethylindolenine (0.8g. 5mmol) and 
N-(3-bromopropyl)-triethylammonium bromide (1.52g, Smmol) were mixed 
and placed under an argon atmosphere. The mixture was then heated at 
140''C for 1.5h, giving a deep red viscous meK, which solidified to a glass 
25 on cooling. It was ground to a powder under diethyl ether; this was 
collected by filtration, triturated with boiling acetone and recrystallised 
from methanol / acetonitrile to give the title compound as a pale pink 
powder, 795mg (34%). 

6„ (300MHz. DMSO) 1.22 (9H, t. J6.6Hz, 3x N^-CH^-ChU), 
30 1 .55 (6H. s. indole C3Me,). 2.21 (2H. m. -CHjCbsCHj-), 2.92 (3H. s. 
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indole C2-Me). 3.27 (6H, q. J6.6Hz. 3x N^-Ctlj-CH,), 3.51 (2H, -t. -Cidj- 
NEt,). 4.57 (2H, ~t, indole N*-Cil2-). 7.64 (2H. m). 7,86 (1H. d, J 6.5H2). 
8.12 (1H. d, J7.3H2). 

s 1-ff3-TriethvlammQniuin)Dropvn-2.3.3-trlmftthvlbenMfhiaynii»m 
dibromide(lp) 

Synthesised by an analogous method to (1o) 
Recrystallised from 1-butanol / acetone. 
5„ (SOOMHz.DjO) 1.15 (9H, t. 3x N^-CH^-CHa). 2.3 (2H. m. - 
10 CHjChlaCHj-). 3.25 (6H. q, 3x N^-CMj-CHs). 3.45 (2H. ~t. -CMj-NEts). 4.6 
(2H. -t. indole N*-Cti2-). 7 4 (1H. t). 7.6 (1H. t), 8.0 (1H. d.). 8.1 (1H. d). 

3-(3-AminoDrQDvn-1.1.2»trimethvlben2teHndo»uin b romlde.HBr (ig) 
Prepared according to Patonay etal., J. Org. Chem., (1995). 

IS 60. 2391. 

5„ (300MHz. DMSO) 1.77 (6H, s, indole CIMej). 2.24 (2H. 
m. -CHj-CHrCHj-). 2.98 (3H, s, C2 CH3). 310 (2H, app q. -CHz-NHj*), 
4.72 (2H, t. J 7.OH2. indole N-Cbla-). 7.70-7.81 (2H, m) + 8.21-8.39 (4H, 
m)= 6x benzoindole aryl-H. 8.03 (3H, broad s, -NHj*). 

20 

3-(3-N-PhthalimidopropviW1 .1 .2-trim6thvibenzfB)indQlitim 

brQmide.(1r) 

Synthesised by an analogous method to (1q) 
6h (300MHZ.CDCI,) 1.84 (6H. s. indole CIMej). 2.44 (2H. m. 
25 -CHj-Chij-CHj-). 3.24 (3H. s, C2 CM3). 3.86 (2H, t. J 7. 1 Hz. -Chr 

phthalimide), 4.99 (2H, t. J7.2Hz, indole N-Ctlj-). 7.58-7.76 (7H. m). 7.94- 

8.02 (3H. m). 



wo 97/40104 



-22- 



PCT/GB97/01105 



N-Ethvt.2-mBthvlbflnzothiazQiium lodida 

Synthesised by an analogous method to (lb) 
5h (270MHz, CDCI3) 1.6 (6H, t, benzothiazole N-CH2-Cti3), 
3.5 (3H, s. benzothiazole C2-Ctl3), 5.0 (2H. q, benzothiazole N-Chi2- 
5 CH3). 7.75 (1H. t) + 7.85 (1H, t) + 8.1 (1H. d) + 8.3 (1H. d)= 4x 

benzothiazole aryl-H. 5„ (270 MHz; CD,OD) 1.60 (3H, t. NCHjCH,), 3.23 
(3H. s. Me). 4.86 (2H. q. NCHjCH,). 7.82 (1H, t. ArH), 7.95 (1H, t. ArH). 
8.28 and 8.32 (each 1H, overlapping d, ArH). 

10 N-(5-Carboxvpentvn-2-methvlbenzothia2olium bromide (it) 
Synthesised by an analogous method to (1b) 
6h (270 MHz; CD3OD) 1.57, 1.71 and 2.00 (each 2H. m). 
2.26 (2H. t. CHjCOjH). 4.77 (2H. t, NCHj), 7.82 and 7.93 (each 1H, t, 
ArH) and 8.21-8.40 (2H, m. ArH). 

13 

3-Ethvl-1 ■1.2-trimcthylbenz(ft)indolanlnium-7-aulphonatB {tu) 
Synthesised by an analogous method to (lb) 
5h (300 MHz; DjO) 1.45 (3H,t. CHjCH,), 1.57 (6H. s, CMBj). 

4.46 (2H. q, CHjCHj), 7.79. 7.84. 8.04 and 8.18 (each 1H. d. ArH) and 
20 8.26 (IH.d, ArH). 

1-(S-CarboxvoentvlM.1.2.trimBthylben2(ft)indoleninium- 7^ulphonate 

m 

Synthesised by an analogous method to (lb) to give insoluble 
25 grey powder which was used directly with stmctural confirmation obtained 
from product dyes. 



3.Ethyl-6.8^l8Uiphonate.1 .1 ■2-trimftthylbBn2(e)indollum toaylate (1 w) 
Synthesised by an analogous method to (lb) 
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5h (300MHz. D^O) 1 .39 {3H, app t. indol N-CHj-CUj). 1 .53 
(6H, s. indole ClMe^), 2.18 (3H, s. tosylate -CUa), 4.40 (2H, q, J 7.5Hz. 
indole N-CM2-CH3). 7.15+ 7.50 (each 2H. «d. 4x tosylate aryl-H). 7.92 (1H. 
d, J9.5H2). 8.42 (1H. s). 8.49 (1H. s). 8.79 (1H. d. J9.5Hz). 

5 

3-f5-CarboxvDentvn-6.8-di8ulDhonate-1.1.2-trim ethvlb6nz( ft)inriniiiim 
bromide (1x) 

Synthesised by an analogous method to (lb) 
6„ (300MHz. DjO) 1.30 (2H. m). 1.48 (2H, m). 1.59 (6H. s, 
10 indole C2Mej). 1 .83 (2H. m). 2.19 (2H. t, J 7.2Hz. -Chiz-COjH), 4.41 (2H, 
t. J 7.5Hz, indole N-CMj-), 7.92 (IN. d, J9.5Hz), 8.40 (1H, s). 8.53 (1H. s). 
8.79 (1H. d. J 9.5Hz). 

1 -Ben2vl.2.3.3.trlinethvlindolflninium^^ulphonate ^1y) 
1 s Synthesised by an analogous method to (1 b) 

5„ (300MHz. CD3OD) 1.66 (6H. s. CMej). 5.85 (2H, s. 
PhCHj). 7.37-7.44 (5H. m. PhCH^). 7.77 (each 1H, d. J 8.4. 4-CH). 7.91 
(1 H, dd, J 1 .5 and 8.4. 6-CH) and 8.1 1 (1 H. d. J 1 .5. 7-CH). 
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HO 



(1g) R=Et 
(1i) R=(CH2)5C02H 
(1m) R=(CH2)50Ac 
(10) R=(CH2)3N+(Et)3 





I 

R 

(1b) R=(CH2)4S03- 
(1c) R=(CH2)5C02H 
(1d) R=(CH2)30CH2C02H 
(1e) R=Et 
(If) R=Bu 
(1y) R=Bn 



(Ik) R=Et 

(II) R=(CH2)5C02H 
(In) R=(CH2)50Ac 
(1q) R=(CH2)3NH2.HBr 
(1r) R=3-phthalimidopropyl 





R 

(1u) R=Et 

(1v) R=(CH2)5C02H 



(1h) R=(CH2)4S03- 
(1j) R=Bu 



I 

R 




(1p) R=(CH2)3N*(Et)3 
(Is) R=Et 

(It) R=(CH2)5C02H 



(1w) R=Et 

(1x) R=(CH2)5C02H 
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EXAMPLE 2 

Synthaala of aulphonie acid substifajtad aquarata dyaa from 
indoleninium intannadiataa 

5 For the invention dyes the exact nature of the counter-ions 

was not determined. 

2-f1-fS-CarfaoxvDentv»-3.3-dimethvl-S-aulDhonate-2. 
indolinylidenemethyH.441W4.sulDhonateb utvn-3.3-dimethyi-S- 

10 sulDhonato.2-indolinylidenemethyl)cyclobutenedi ylium.1.3-diolate ^2a) 
A mixture of (lb) (0.56 g, 1 .35 mmol) and squaric acid (0.48 
g, 4.05 mmol) in 2-ethoxyethanot (10 ml) was heated under reflux for 20h. 
The reaction mixture was then evaporated to dryness in vacuo and purified 
by HPLC (C-18, HjO/MeOH) to fiimish an intennediate mono-adduct of 

15 squaric acid (^^(HzO) = 425nm). Said adduct (0.27 g, 0.65 mmol) and 
(1c) (0.19 g, 0.71 mmol) in 2-ethoxyethanol (10 ml) were heated under 
reflux for 16h. The 2-ethoxyethanol was removed in vacuo and the residue 
was purified by HPLC (C-18, HjO/MeOH) to afford the title compound (2a). 

5„ (270 MHziDjO) 7.81 (2H. s). 7.65 (2H. d. J = 7.5Hz). 7.31- 

20 7.43 (2H. m), 8.27 (2H. m), 4. 1 1 (4H, m). 2.89 (2H. t, J = 7.0H2). 2.45 (2H. 
t. J = 7.0H2). 1.4-2.0 (22H, m); (HjO) = 631 nm. 

2-<1-<5-Carboxypentyn-3.3^imethyl.S^ulphonato-2- 
indormvlidenemethvlV4-f1-ethvl-3.3-dimethyl.S.suiphonato-2. 

2S indolinylidenemethyncvclobutenediylium-1 .S-di olate (2b) 

Squaric acid (121 mg, 1.06 mmol) In n-butanol (50 ml) was 
heated at reflux until all the squaric acid had dissolved. Then (1c) (500 
mg, 1.06 mmol) was added portionwise over 2h and the mixture was 
maintained at reflux for a further 2h. 1-Ethyl-2,3,3-trimethylindoleninium- 

30 S-sulphonate (1e) (439 mg. 1 .06 mmol) was added portionwise over 1h. 
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Aft r heating at reflux for a furth r 24h th mixture was cooled to ambient 
temperature and concentrated in vacuo. Purification of tlie residue by 
HPLC (C18. HjO/MeOH) afforded the title compound as Its n-butyi ester. 
X^(MeOH) 636 nm; kJjMeOH) 652 nm 
5 5h (270 MHziCDjOD) 0.92 (3H, t. J = 7.3 Hz), 1 .38-1 .93 

(13H, m). 1.78 (12H. s). 2.34 82H. t. J= 7.1 Hz). 4.04 (2H. t. J = 6.6 Hz). 
4.08-4.28 (4H. m). 6.02 (1H. s). 6.04 (1H. s). 7.25-7.35 (2H. m) and 7.82- 
7.92 (4H, m). 

To a solution of the above dye butyl ester (13 mg) in water 
10 (2 ml) was added 1M KOH solution (0.5 ml). After stirring at ambient 
temperature overnight HPLC purification of the mixture (PRP-1, 
HjO/MeOH) afforded the title compound as the potassium salt. 
X^(MeOH) 636 nm; X^(MeOH) 647 nm 
8„(270 MHziCDjOD) 1.40 (3H. t. J = 7.1 Hz). 1.45-1.58 (2H. 
15 m). 1.63-1.93 (4H, m). 1.78 (12H. s), 2.19 (2H. t. J = 7.4 Hz). 4.09-4.28 
(4H, m), 6.03 (1H,s). 6.04 (1H. s). 7.25-7.36 (2H.m) and 7.85-7.92 (4H, m) 

2-f1-(5-Carboxvpentvn-3.3-dimethvl-S-sulphonate.2. 
indol}nvlldenemethvn.4-f1-buttfl.3.3^imflthyl-S. ^ulphonato-2. 
20 indolinvlidenemethvncvclobutenfldiyiiu m.l .a^iolata {ic) 

The title compound was prepared as Its butyl ester in a 
similar manner to (2b) butyl ester, vide supra, from (1c), squaric acid and 
(1f). 

X^iMeOH) 638 nm 

25 6h(270 MHziCDjOD) 0.91 {3H,t. J = 7.3 Hz), 1 .02 (3H, t. J = 

7.3 Hz). 1.26-1.44 (2H. m). 1.44-1.64 (6H. m). 1.64-1.92 (6H. m). 
1.77(12H, s). 2.34 (2H. t. J = 7.1 Hz). 4.06 (2H, t. J = 6.6 Hz), 4.15 (4H, 
app br t. J = 6.9 Hz), 6.02 and 6.03 (each 1H, s), 7.28 (2H, app d, J = 4.1 
Hz), 7.86 (2H, app d, J = 4.1 Hz) and 7.88 (2H, app s). 

30 Subsequent hydrolysis gave the title compound as the 



wo 97/40104 



-27- 



PCT/GB97/01105 



potassium salt which was used in later studies. 

2-<1-f5-Cartaoxvpontv»-3.3-dimethvl-S.8ulphonatQ-g- 
indolinvlidenemethvlW4-l1-othvl^.3.dimAthyiy- 
s indollnvlidenemethvncvclobutanfldiyimm.i .a^iolate 

The title compound was prepared as its butyl ester in a 
similar manner to (2b) butyl ester, vide supra, from (1c), squaric acid and 

(ig) 

X^(MeOH) 630 nm 

6h (270 MHziCD^OD) 0.92 (3H. t). 1.27-1.92 (13H. m). 1.76 
(12H. s). 2.34 (2H. t). 4.04 (2H. t). 4.1 1 (2H. br t). 4.23 (2H. br q). 5.95 
and 6.05 (each 1H. s). 7.19-7.32 (3H. m). 7.33-7.45 (1H. m). 7.49 (1H. d) 
and 7.80 to 7.88 (2H. m). 

Saponification of the above butyl ester (ca. 1 1mg) and 
subsequent purification by chromatography (C18. HjO/MeOH), in a similar 
manner to (2b), vide supra, afforded the title compound as the potassium 
carboxylate (8 mg) 

6h (270 MHz;CD,OD) 1.42 (3H. t). 1.46-1.58 (2H. m), 1.62- 
1.91 (4H. m). 1.76 and 1.78(each 6H, s). 2.19 (2H. t). 4.11 (2H, br t), 4.21 
(2H. brt), 5.96 and 6.04 (each 1H, s), 7.20-7.34 (3H. m). 7.34-7.45 (1H. 
m). 7.45-7.51 (1H. m) and (7.83-7.89 (2H. m). 

2-f1-f4-SulDhonatohutvl^^.3.dimftthyl ^ulphonatn.9. 
mdolinvlldenemethvlM4l.f4^ulphonatebutyi)-3.3^imft»hyi.R. 

carbQXYmethvl-2-indQlinvlidenemethvltevetobii«flnftri iviium-i 3^ift| i, t ft 

m 

Squaric acid (55 mg, 0.484 mmol) was dissolved in a 
mixture of acetic acid (5 ml), pyridine (5 ml) and acetic anhydride (500 ^l) 
to give a cl ar y llow^jrang solution, (lb) (200 mg, 0.484 mmol) was 
add d in two portions (over 15 min) to give a green solution. After a 
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further 15 min 1-(4-sulphonatobutyl)-2,3,3-trimethylindoleninium-5-acetic 
acid (1h) (85 mg) was added followed by a further portion (85 mg) after 35 
min. The resultant dark green solution was stirred at ambient temperature 
for ca. 20h, concentrated in vacuo and redissotved in HjO/MeOH. 
Purification of the crude dye by HPLC (C18, HjO/MeOH). with isolation of 
the middle one of three major blue components, afforded the title 
compound as the pyridinium salts. Percolation through an acid exchange 
resin (Dowex SOW, ca. 10 ml), eiuting with water (25 ml), and 
concentration in vacuo of the eluent afforded the title compound as the 
free acids. 

A^(MeOH) 638 nm 

6„(270 MHz;D20) 1.35 and 1.45 (each 6H, s), 1.75 (8H. br 
s), 2.80 (4H, app br t), 3.40 (2H. br s). 3.95 (4H, br m), 7.00-7.30 (4H, m) 
and 7.70 (2H. brs) 

2.f1.Ethvl-3.3.dimethyl-5.8ulphonato.24ndolinylidenemathylH-^1.<S- 
carboxvDentvh-3.3-dimethvl-2-indolinvlidenemethyl). 
cyclobutenediylium-1.3-diolate f2f) 

The title compound was prepared as its butyl ester in a 
similar manner to (2b) butyl ester, vide supra, from (1e), squaric acid and 
(II) 

6h(270 MHziCDjOD) 0.92 (3H, t. CHjCHjCHa), 1.00-1.90 
(13H, m), 1.82 (12H, s, 2xCMej), 2.33 (2H, t, CHjCOjH), 4.02 (2H. t, 
COjCHj), 4.08-4.25 (4H, m. 2XCH2N), 5.96 and 6.03 (each 1H, s. vinylH), 
7.16-7.55 (5H, series m, ArH) and 7.82-7.94 (2H. m. ArH). 

Subsequent hydrolysis afforded the free acid. 

5„(270 MHziCDjOD) 1.38 (3H. t. CHjCH,), 1.55 (2H, m). 
1.62-1.95 (4H. m), 1.76 (12H. s, 2xCMej), 2.20 (2H, t, CHjCOjH), 4.10- 
4.25 (4H. m, 2xNCHj). 5.95 and 6.05 (each 1H, s, vinylH), 7.18-7.50 (5H. 
series m, ArH) and 7.80-7.89 (2H, m. ArH). 
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2-f1-Benzvl-3.3-dimethvl-S^ulphQnate-2.indQliny lidanemfl«hyl)^^^^ 
carboxvDentvn.5-8ulDhonate-3.3^lm«thvl.24ndoHnvlidftnflm«thyi). 
cvclobutenedlyHum.1.3.dtelate (2fl) 

The title compound was prepared as its butyl ester in a 
5 similar manner to (2b) butyl ester, viote supra, from (1y), squaric acid and 
(Ic). 

5h(270 MHz; DjO) 0.39 (3H. t, CHjCHjCH,), 0.70-1 .50 (22H, 
m), 1.88 (2H. br t. CHjCOjH). 3.58 (2H, brt, COjCHj). 3.84 (2H, br. 
NCHjCHj), 4.96 (2H. br, PhCH^). 5.63 and 5.67 (each 1H, overlapping br 
10 s. vinylH). 6.70-7.20 and 7.56-7.78 (1 1 H, m. ArH). 

Subsequent hydrolysis afforded the free add. 
6h(270 MHz; CD,0D) 1.52 (2H, m). 1.63-1.90 (4H, m), 1.75 
and 1 .82 (each 6H, s. 2xCMej). 4.16 (2H. br t. NCHjCHj). 5.37 (2H, br s, 
PhCHj), 6.03 and 6.07 (each 1H, s, vinylH). 7.16-7.40 (7H. m. ArH) and 
15 7.72-7.93 (4H, m. ArH). 

2-f1-f5-CarboxvDentvn-3.3-dinnet hvl-5-sulphonata.2. 
ben zindPlinYlidenemethvn-4-(1-ethyl-3.3-dimethvi-S-suip honato-2. 
benzindoiinvlidenemethvn.cvclQbtitBnediyliunn-1 .3-dioiate^2h) 
20 The title compound was prepared in a similar manner to (2e) 

from (1u), (1v) and squaric acid in a two step procedure with isolation of 
the intermediate 'half dye'. 

>^(MeOH)=664nm 

MALDI-TOF (C^jH^NjSjOe requires M* 802) 824 (M*+Na). 

25 711 
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2-f1-(S^arboxvBantvH-3.3^im«thyl.S.aulnhonateA 
bcnzindollnvlidenftmathvn^1^t hvl-3.3^}mBthyl.g. 
benzindQlinvHdenemethvn-cvclobutenBdiviium-i.3-di5j|atft(2j) 

The title compound was prepared in a similar manner to (2b) 
s from (Ik), (1v) and squaric acid. 

X^(MeOH)=662 nm 

5„(270 MHz; CD,OD) 1.15 (3H. t. CH^CH,). 1.25 (2H. m). 
1.44 (2H. m). 1.88 (2H, m). 1.99 (12H. s, 2xCMe2). 2.25 (2H, brt. 
CHjCOjH). 4.19 (2H. brt). NCHjCHj). 4.27 (2H. br q, CH^CH,), 5.99 and 
10 6.04 (each 1H. s. vinylH). 7.41 (1H. app t. ArH). 7.56 (3H. m, ArH). 7.92 
(2H. app t. ArH). 8.01 (2H. app t. ArH). 8.24 (2H. m. ArH) and 8.41 (1H. s. 
ArH). 

For examples of dyes bearing free hydroxyl groups see 
Examples 11 and 12. 
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(2a) R,=(CH2)4S03- 
R2={CH2)5C02H 

(2b) R,=(CH2)5C02H 
R2=Et 

(2c) R,=(CH2)5C02H 
R2=Bu 




(2cl) Ri=(CH2)5C02H 

Rj^Et 
(2f) Ri=Et 

R2=(CH2)5C02H 




(2e) R,=Bu 

R2=(CH2)4S03- 
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(2h) R,=(CH2)5C02H 

X=S03- 
(2i) R,=(CH2)5C02H 

X=H 



EXAMPLES 

5 Synthesis of sulphonic acid substituted squarate dyes from 
indoleninium and thiazolinium intermediates 

2-(1-(S.Carboxypentyl)-3.3-dimethyl-S^ulphonato-2- 
indolinyndenemethyn.4-f3-ethyi-2.benzothlazoliny1idenemethyl)- 

10 cycl9bMtBnediylium-1.3-diQlate (3a) 

Synthesised in an analogous manner to Example (2b) from 
intennediates (1c), (Is), squaric acid and additional quinoline as base to 
give a crude mixture of dye products. Hydrolysis of thie cmde material, 
purification by HPLC and percolation through H* exchange resin afforded 
15 the title compound. 

X^(MeOH) 636 nm 

5„(270 MHz; DMS0-d6) 1.18-1.82 (9H, m), 1.64 (6H,s, 
2xMe), 3.96 (2H. br), 4.45 (2H. br). 5.57 and 6.09 {each 1H, br s, vinyl- 
CH), 7.11 (1H. m, ArH), 7.40 (1H. m, ArH). 7.48-7.70 (3H, m, ArH). 7.77 
20 (1 H, m. ArH) and 8.07 (1 H. d, ArH) 
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2-(3-Ethvl.2.benzothiazolinylidflnemethyl^^-(1^ 4-sulDhonatebtrtyl)- 
3.3-dimethvl-S-carboxvmathyl.24n dollnylidonAmft«hyi). 
cvclobutenedivlium-1 .3.diQlata (3b) 

Synthesis in an analogous method to Example (3a) fronr) intermediates 
5 (1h) and (Is), with purification by HPLC only, afforded the mono- 
quinolinium salt of the Utie compound 



5„ (270 MHz; CD3OD) 1.43 (3H. t. CHfiH,), 1.68 (6H. s. 
2KMe). 1.96 (4H. br). 2.91 (2H. br, CH^SO,). 3.63 (2H. s. ArCHJ. 4.05 
10 (2H. br. NCHjCHj), 4.40 (2H. br q, NCHjCHj). 5.75 and 6.07 (each 1H. br 
s. vinyl-CH), 7.13 (1H. d, ArH). 7.23 (1H. d, ArH), 7.32 (1H. s, ArH). 7.38 
(1H, t. ArH), 7.46-7.66 (2H. m. ArH). 7.75-7.95 (3H. m. ArH). 8.04 (1H, t, 
ArH). 8.18 (2H. t. ArH), 8.86 (1H, d. ArH) and 9.05 (1H. d. ArH) 



X^(MeOH) 642nm 




O 



(3a) Ri=(CH2)5C02H 
R2=Et 




IS 



(3b) R,=(CH2)4S03- 
R2=Et 
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EXAMPLE4 

Synthesis of the auccinimldyl cfttera of tha earbo»Ylift ^^gj^ 
derivativea of aguarata dyea 

5 

A representative procedure for activation is as below, whirti ^,jYftn 

for example (2b) 

To a solution of carboxylic acid derivative (2b) (potassium 

salt) (8 mg, 0.01 mmol) In DMF (1 ml) was added diisopropylethylamine 
10 (1 0.5 ^1, 0.06 mmol) and 0-(N-succinlmidyl)-N,N,N',N'-tetramethyluronium 

tetrafluoroborate (TSTU) (9 mg. 0.03 mmol). The reaction was monitored 

by HPLC (C18. 25 miy^ pH7 Phosphate buffer/MeCN) and upon 

completion was sealed under nitrogen and stored in a freezer until 

required for labelling experiments. 
15 The follow squaric acid dyes were activated in an analogous 

manner: 

(2a, c-h), (3a) and (3b). 
EXAMPLE s 

20 

Use off squaric acid derived fluorophoraa for automated fluoreaeunt 

PNA geqtiencing 

Primer synthesis 

25 An M1 3 (-20) universal 1 8mer primer was prepared 

according to established methods on an ABI model 394 DNA synthesiser. 
The 5' terminus of the oligonucleotide was modified by coupling an 
aliphatic amine group in the final synthesis cycle by means of a 
trifluoroacetamide protect d-amino!inker amidite [Phannacia Biotech]. 

30 The primer s quence used was Nl-lj-tgtaaaacgaacggccagt. Th crude 
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primer was deprotected in 30% NH.OH for 16 hours at 55»C then purified 
free of organic by-products and amines using phenol/chloroform 
extraction followed by ethanol precipitation. DNA was dissolved in water 
at 100 unit/^l and stored at -yO'C. 

5 

Primer labelling. 

N-hydroxy succinimidyl esters of the squarate dyes were 
supplied in DMF or MeCN at 4 - 10 mg/ml. To label the primers, 40 pii of 
dye solution was mixed with 50^1 of lOOmM sodium phosphate buffer at 
10 pH 8.0 and 10 mI [10OD or 300 ^g] of NHj-oligonucleotlde. For squaric 
acid dyes not bearing any sulphonic acid groups ( therefore with an 
overall neutral charge) and which are less soluble in 40% DMF, 1-4 
dioxan was added to 10 - 20% v/v final concentration in order to keep the 
dye in solution and raise the labelling efficiency. Reactions were allowed 
15 to continue at +4°C in the dark for between 6 - 16h. Reactions were 
stopped by addition of sodium acetate pH 5.0 to a final concentration of 
300 mM followed by 3 aqueous volumes of 99.8% ethanol to precipitate 
the oligonucleotide and remove unincorporated dye. After centrifugation 
at 13000 g for 15 minutes the DNA pellet was washed in 80% ethanol, 
dried in vacuo and dissolved in 100 nl of TE buffer at pH 8.0. 

Primer purification 

Squaric acid dye labelled primers were separated from 
residual, non-covalently attached dye and from unlabelled primer by 
HPLC on a 24 cm X 0.5 cm Spherisorb 0DS2 column with a 5 ^m support 
size. A 1 ml/minute gradient from 95% solvent A / 5% solvent B to 30% 
solvent A / 70% solvent B was used. A = 0.1 M sodium acetate pH6.8, B = 
acetonitrlle. Fractions absorbing at both 280 nm and 635 nm were 
collected and dried in a vacuum centrifiig . Fractions were pooled in 
1 00 ^1 of TE buffer and ethanol precipitated as above to desalt them prior 
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to sequencing. 

DNA sequencing 

2 pmol of squarate dye-primer was mixed with 0.2 pmol of 
5 M1 3 mp8 phage DNA In a volume of 25 ^1. The primer / template mixture 
was divided into four 6 ^il aliquots designated A, C. G & T. 2 ^1 of the 
appropriate enzyme nucleotide / buffer / premix from Amersham kit 
RPN2437 [Thermo Sequenase^ labelled primer sequencing kit] was 
added and the reactions were placed in Perkin-Elmer GeneAmp PGR 
10 system 9600 thermocycler. Samples were taken through 25 cycles at 
QS^'C 1 30seconds : eO^'C / 30seconds. After themnocycling, 3 ^l of loading 
dye containing 90% formamide / 5mM EDTA was added, the reactions 
were concentrated in vacuum centrifuge for 10 minutes and then heat 
denatured at 80^C for 2 minutes before loading on 6.1 M urea / 5% 
15 HydroLink gel in a Vistra DNA sequencer 725. 

Electrophoresis and detection 

A Vistra DNA sequencer 725 was modified by replacement 
of the laser with a 30 mW Helium-Neon 632 nm tube and HV power 
20 supply. The optical filter was changed to a 645 nm long-pass. No other 
alterations were necessary to detect SQ5 fluorescence. Gels were run for 
8-10 hours at 1400 V and maintained at or above 35^0 throughout. 
Image data was analysed using Vistra V2.01 software and Molecular 
Dynamics' ImageQuaNT program. 

25 

Results 

All of the Examples (2a-h) and (3a-b) gave sequence data. 
The signal strength and peak resolution values were comparable to a 
commercially available cyanine dye (Cy5^) commonly used for 
30 s quencing. Bas -calling accuracies of more than 98% to 550 bases are 
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typical. 

EXAMPLES 

5 The use of dve labelled oliaonuclftotld B a in two colour dftteetion 

An 18mer oligonucleotide was labelled separately with two 
cyanine dyes (6a) and (6b) and an invention dye (2f). The excitation and 
emission maxima of these dye oligonucleotide conjugates are shown in 
Table 1. 100 frnoles of each lat>elled oligonucleotide was loaded in the 
10 following pairs Into the same well onto a 1 9% denaturing acrylamide gel: 

1. (6a) and (6b) 

2. (6a) with (2f) 

3. (2f) with (6b) 

The labelled oligonucleotides were also loaded individually. 

' 5 After electrophoresis under denaturing conditions the gel 

was scanned in a prototype scanning fluorescence instrument with a 
633nm helium neon laser excitation light source. Fluorescent emission 
was collected in 3 sequential scans. The first scan with a 645nm RG filter 
(Schott) in place collected all the fluorescent light produced. The second 

20 and third scans were with 660nm dfjo and 700nm eflp filters (Omega 
Optical) to collect and discriminate the fluorescence from each dye. 

Each pair of dyes was identified from the 645nm RG filter 
image of the gel and sampled in a fluorochrome separation algorithm to 
identify the spectral properties of each dye. The images from each scan 

25 were processed to produce overtald 2 colour images. 

These images show that (6a) with (6b) and (2f) with (6b) 
can be used as dye 2 colour pairs. These dyes are efficiently excited at 
the 633nm excitation wavelength and can be spectrally separated and 
identified for 2 colour applications. 
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The 645nm RG is a red glass long pass filter which excludes 
light below 645nm. 

The 660 dfjo filter is a band pass filter centred at 660nm with 
5 +/- 15 nm tolerance i.e. collects a band of light from 645-675nm. 

The 700 eflp filter is a long pass filter which should exclude light below 
700nm i.e. collects from 700nm upwards. 

Tabl9 1 

10 Spectral Properties of Dye-Oligonucleotlde Conjugates 



DYE 18 MER 


EX^ IN TEs BUFFER 


EM^ IN TEb BUFFER 


2f 


630 nm 


642 nm 


6a 


650 nm 


660 nm 


6b 


680-685 nm 


700 nm 
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(6b) R,=(CH2)4S03- 

R2=(CH2)30CH2C02H 

EXAMPLE 7 

5 Modifications of the central cyclebutenadiylium.l .a-diolate rin^, of 
SQuarate dyaa 

2.4-Bl8M-ftthvi.3.3.dimethvl-2.indoli nvlidenemathyi). 
CVClobutenedivllum.1.3^ioiata ^7a) 
>o 1-Etliyl-2,3,3-trimethylindoleninium iodide (1g) (3.15g, 

lOmmol). squaric add (0.57g, 5mmol) and n-butanol {40ml) were mixed 
and heated at reflux for 16h. The solvent was then evaporated and the 
product dye (7a) isolated by flash chromatography (0-5% MeOH / 
CH2CI2). Yield = 1.7g (75%) 

»5 Xmax (MeOH) = 628nm. X«=626nm. X«„(l\1eOH)=635nm 
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5„ (270MHz, CDCI3) 7.4-6.9 (8H. m). 6.0 (2H. s). 4.1 (4H, q). 
1.8 (12H. s). 1.4(6H.t). 

Also isolated was the half-dye species 3-butoxy-4-(1-ethyl- 
3.3-dimethyi-2-indolinyndenemethyl)-cyclobut-3-en-1,2-dione (7b). 
5 ^max (MeOH) = 424nm. 

8h (270MH2, CDCI3) 7.4-6.8 (4H. m). 5.4 (1H. s). 4.85 (2H. 
t). 3.9 (2H. q). 1.9 (2H. m). 1.7 (6H. s). 1.5 (2H. m). 1.35 (3H. t). 1.0 (3H. 
t). 

0 3- MethQXV-2.4-bis(1-ethvl-3.3-dimethvi-2-indolinvlidenemethyi). 
cvclobutenedivllum-1-olata met hosulnhate f7c) 

The squarylium dye (7a) (I.Og, 2.2mmol) was dissolved In 
chlorofomi (20mi) to give a deep blue solution. To this was added 
dimethyl sulphate (5ml); the mixture was then heated at reflux for 16h. 
The resulting solution was cooled, washed well with water, then dried 
(Na2S04), filtered and evaporated to low volume. Diethyl ether was then 
added slowly, with scratching, up to about 100ml. This caused the 
methylated product (7c) to crystallize out as metallic green needles, which 
were collected by filtration, washed with fresh ether and dried under 
vacuum. Yield = 1.24g (95%). 

Xmax (MeOH) = 630nm, X«,(625). Xem(MeOH)=638nm 
5„(270MHz. CDCI3) 7.43-7.38 (4H, m), 7.30 (2H, d), 7.18 
(2H, d), 4.86 (3H. s). 4.3 (4H, q). 3.74 (3H. s). 1.73 (12H, s). 1 .46 (6H, t). 

(7c) is reactive, the 0-Me group being readily replaced by an 
alcohol or an amine. This is illustrated below. 

3-Butoxv.2.4.bl8f1.ethvl-3.3-dimethyl-2-indo»n vlidanemethyl). 

CYclPbHtengdiyiltim-l -Plate (7d) 

Th dye (7c) (50mg, 0.086mmol) was dissolved in n-butanol 
(3ml) and h ated at 70<*C, with monitoring by t.l.c. (silica, 15% MeOH / 



wo 97/40104 



PCT/GB97/01105 



-41- 

CH2CI2). Once all the starting dye had been consumed (3-4h) the 
solution was cooled and evaporated. The residue was dissolved in 
chloroform (1ml) and diluted with diethyl ether (15ml); after standing in the 
freezer for 16h the product (7d) separated as metallic green needles. 
5 Yield = 36mg (anion undetermined). 

Xmax (MeOH) = 628nm. 

Sh (270MHz. CDCI3) 7,5-7.0 (8H, m). 5.9 (2H. s). 5.2 (2H. t). 

4.3 (4H. q). 4.1 (2H. t). 2.1 (2H. m). 1.8 (12H. s). 1.75-1.4 (m), 1.1 (3H. t). 
0.9 (3H, t). 

10 

3-Butvlamino-2.4-blsM-ethvl-3.3-dimethvl-2-indolin vlidanemBthyl). 
cvclobutenediyliii m-l -Plate {7a) 

The dye (7c) (200mg, 0.35mmol) was dissolved in 
dichloromethane (20ml). To the stirred solution was added a solution of n- 

15 butylamine in dichloromethane (approx. 1 drop per ml CH2CI2), in 0.1ml 
portions. After each addition, the mixture was analyzed by t.l.c. (silica, 
15% MeOH / CH2CI2), until no more starting dye was present. The 
mixture was then evaporated and the residue purified by flash 
chromatography (silica, 4-10% MeOH / CH2CI2). This gave 154mg of the 

20 title dye (7e) as an amorphous powder after evaporation (anion 
undetennined). 

^max (MeOH) = 646nm. 

5h (270MHz. CDCI3) 9.5 (1H, broad t), 7.6-6.9 (8H, m). 6.5 
(1H. s). 5.7 (1H. s). 4.7 (2H. q), 4.0 (2H. q). 3.8 (2H, broad q). 1.9 (2H, m), 
25 1.8 (12H, 2x s), 1.6 (2H. m), 1.5 (3H. t), 1.4 (3H. t). 1.0 (3H. t). 
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3-f7-(4.4'-PimethQXVtritvloxv)-6-hvdroxv^xahaptyitemino.2,d.hift(i- 
ethvl-3.3-dimethvl-2-indolinvlidenematliyn-cyclo butanadiyliiini.i. 

The dye (7c) (58mg. O.lmmol) was dissolved in 
s dichloromethane (4ml); to this was added a solution of 7-(4,4'- 
dimethoxytrityloxy)-6-hydroxy-4-oxaheptylamine (EP 05271 84B1) 
(ca.0.3mmol in 2ml in dichloromethane) in portions, until t.l.c. analysis 
(silica, 15% MeOH / CH2CI2) indicated complete reaction. The solution 
was then evaporated and the residue purified by flash chromatography 
10 (silica, 4-10% MeOH / CH2CI2). Evaporation gave 85mg of the product 
(7f) as a violet-blue foam (anion undetermined). 

>^max (CH2CI2) = 652nm; X^ax (CH2CI2+CCI3CO2H) = 652 

+504nm. 
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(7a) Ri=R2=Et R3=0- 

(7c) Ri=R2=Et R3=0Me MeOSOj- 

(7d) Ri=R2=Et R3=0Bu 

(7e) Ri=R2=Et R3=NHBu 




ODMT 



The above were used in DNA sequencing experiments 
5 using methods similar to those outlined In Example 5. The results were 
excellent. However, the method of labelling was not via the succinimidyl 
ester but by direct displacement of the dye ether linkage by the 5' amino 
substituent on the primer. 
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EXAMPLE 8 

An activa aster derivativa of a cvclobut8nedlvlium-1.3.djolate ring 
modified sauarate dva 

5 

3.fN.imBthvl-N.(3^arbo xypropvl^^amino.2.4-bis(1-ethvl.3.3-dimetiiyl. 
2-indolinyiidenemet hyl)^yelobutenadiylium-1-oiata chloride f8a) 
4-Methylaminobutanoic acid.lHCi (154mg, LOmmol) was 
mixed with methanol (10ml). To this was added a solution of 

10 tetrabutylammonium hydroxide in methanol (1 .OM. 2.0ml, 2.0mmol). The 
methylated dye (7c) was then added (289mg, O.Smmol) and the mixture 
stirred for a further 15min. This solution was poured into chloroform and 
washed three times with a large volume of water, then with saturated 
aqueous sodium bicarbonate solution, and finally with 0.1M HCI. The 

15 organic solution was dried (Na2S04), filtered and evaporated; the residue 
was then purified by flash chromatography (silica, 5-20% MeOH / 
CH2CI2). to give 212mg (72%) of the title dye (8a) as a violet-blue 
powder. 

hnax (MeOH) = 680nm, X„=657nm, J.e„,(l^eOH)=670nm 
20 8h (270MHz. CDCI3) 7.5-7.0 {8H, m), 6.0 (2H, s), 4.3 (4H, q), 

3.85 (3H, s). 2.6 (2H, m), 2.2 (2H. m). 1.7 (12H, s). 1.4 (6H. s). 



["EXAMPLE NO. 


VISIBLE ABSORBANCE 
(AU) 


RELATIVE 

FLUORESCENCE 

INTENSITY 


(7a) 


0.489 


713 


(8a) 1 0.486 


21 



Table 8.1 Example of decrease in fluor so nc f r dye (8a) 
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Synthesis of the succinimidyl cater of the dye (Ba) 

The dye (8a) (59mg, O.lmmol) was dissoived in 
dichloromethane (2ml). To this solution was added a solution of N- 
hydroxysuccinimide (12mg, O.lmmol) in acetonitrile (2mt), followed by a 

s solution of N,N'-dicyclohexylcarbodiimide in dichloromethane (1 .OM, 
0.12ml, 0.12mmol). This mixture was stirred for 24h, then it was filtered 
and evaporated. The residue was purified by flash chromatography (silica, 
5-20% MeOH / CH2CI2) to give the active ester as a solid with a metallic 
red lustre. Yield = 55mg (80%). 

10 Xmax (MeOH) = 660nm 

6h (270MHz. CDCI3) 7.6-7.0 (8H, m), 6.0 (2H, s), 4.3 (4H. 
»q). 4.0 (2H. broad s). 3.7 (3H. s). 2.9 (2H. m). 2.7 (4H. s). 2.3 (2H. m). 
1.7(12H,s), 1.4(6H,appt). 



IS 
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EXAMPLgfl 

Modifications to the central evciobutenadiylium.l. a-diolate ring »f 
thiazoHnium based aguarata dyn 

2.4-Bis-f3-€thvl-2-benzothia20linvlidenemethvh.cyclob u tenedtylium. 
1.3.diolate(9a) 

3-Ethyl-2-methylbenzothiazolium iodide (Is) (1.55g, 
S.Ommol), squaric acid (0.285g, 2.5mmol). quinoline (1.5ml) and n-butanol 
(20ml) were mixed and heated at reflux for 7h under nitrogen atmosphere. 
The resulting dark green mixture was cooled in the fridge overnight, then 
the solid collected by filtration. This solid was washed with a little ice-cold 
methanol, then diethyl ether, and dried under vacuum to give the title dye 
(9a) as a dark powder with a metallic olive-green lustre. Yield = 0.73g 
(68%). 

>^max (MeOH) = 650nm. Xem (MeOH) 660nm. 

6„ (270MHz. CDCI3) 7.6-7.0 (8H, m). 5.9 (2H. s). 4.2 (4H, q). 

1.4(6H,t). 

3-Methoxv-2.4.blsf3-ethvl-2-banzothiaz o!invlideneinethyl). 
cvclobutenedivlium-1 -elate methosul phate (9b) 

Dye (9a) (0.73g, 0.7mmol) was dissolved in chloroform 
(30ml); to the resultant deep blue solution was added dimethyl sulphate 
(3ml). This mixture was heated at reflux for 7h. then left to stand for three 
days. It was then washed with water: the organic layer was retained and 
the aqueous layer extracted with more chloroform. The combined organic 
extracts were dried (MgS04), filtered and the solvent removed under 
reduced pressure, to a volume of ca. 15ml. Diethyl ether (40ml) was added 
to precipitate the product, which was collect d by filtration, washed with 
ether and dried under vacuum to give the titled dye (9b) (1.0g, 100%). 
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T.l.c. (silica; 15% methanol / dichloromethane. (9a), Rf = 0.75 -> (9b), Rf 
= 0.3). 

Xmax (MeOH) 632nm: (MeOH) 649nm. Piem (MeOH) 

658nm. 

5 6h (300MHz, CDCI,) 1 .29 (6H, t. J 7.0Hz. 2x benzothiazole 

N-CH2-CH3), 3.36 (3H, s. methosulphate -CJJj). 4.44 (4H. q, J 7.0Hz, 2x 
benzothiazole N-Chlj-CHa). 4.51 (3H, s. squarate -OMe). 6.00 (2H, s. 2x 
methine =Chl-). 7.37 (2H. app t). 7.53 (2H, app t), 7.72 (2H. d, J 8.4Hz). 
8.01 (2H. d. J 8.1Hz). 

10 

3-BiltvlaminQ-2.4-hi8f3-ethvl-2-benzQthia7nli nvlidenemethyl). 
CVClobHtenedlvlilim-l -elate methos ulphate (9e) 

Methylated dye (9b) (lOOmg) was mixed with 
dichloromethane (30ml) and n-butylamine (0.2ml). This mixture was 
1 5 stirred at room temperature for 30mins. during which time all the solid 
dissolved. T.l.c. (silica; 15% methanol / dichloromethane. (9b). Rf * 0.3 -> 
(9c), Rf = 0.45). The solvent was removed under reduced pressure and 
the blue product isolated by flash chromatography (silica; 4-10% methanol 
/ chloroform); the crude product gum was triturated with diethyl ether to 
20 give a solid with a metallic red lustre, 43mg. 

^max (MeOH) 658nm; (MeOH) 657nm, X^m (MeOH) 

671 nm. 

8„ (300MHz. CDCI,) 0.96 (3H. t, J7.3Hz, butyl -CJJ,), 1.36- 
1 .51 (8H, m. 2x benzothiazole N-CHj-CtU + -CHj-). 1 .83 (2H. m. -CH^-), 
25 3.56 (2H. q. J 7.1 Hz, -HN-Ca-). 4.11+4.47 (each 2H. q, J 7.0Hz. , 2x 
benzothiazole N-C^-CH,). 5.631 (1H, s. methine =Cld-). 7.08-7.59 (9H. 
m. 8xbenzothiazole aryl-H + methine =CH-). 10.17 (1H, broad app. t). 
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3-^N.mflthy|.N-f3^arboxyproDvmamino.2.4.bi8f3-athyl.2- 
ban2othiazolinylidflnamftthy».cyclobutanfldiylium.1 -Plata chlorida 

m 

4-(Methylamino)butanoic acid.HCI (0.31g, 2.0mmol) was 
5 dissolved in methanol (10ml). To this solution was added a solution of 
tetra-n-butylammonlum hydroxide in methanol (1M, 4ml, 4.0mmol), 
followed by dye (9b) (0.58g, I.Ommoi). The deep blue solution that 
resulted was stirred for 40mlns; t.l.c. (silica; 15% methanol / 
dichloromethane. (9b), Rf = 0.3 (9d). Rf <0.1). 

10 The solvent was removed under reduced pressure and the 

residue triturated with water. The metallic bronze solid was collected by 
filtration, washed with water and acetone, then dried under vacuum to 
give the acid dye (9d). 0.435g (82%). 

Xmax (MeOH) 670nm; X^x (MeOH) 670nm. \em (MeOH) 

IS 686nm. 

6„ (300MHz. CD3OD) 1.31 (6H. t. 2x benzothiazole N-CHj- 
CU,). 1.90 (2H, m. -CHj-CUz-CH,), 2.23 (2H. app t. -Cbj-COjH), 3.30 (3H. 
s, N-CU3). 3.45 (2H. app t, MeN-Ctla-). 4.28 (4H, broad s, 2x 
benzothiazole N-CMj-CHj), 5.80 (2H, s. 2x methlne =Cb-). 7.23 (2H. d). 
20 7.36 (4H, broad m), 7.67 (2H. m). 



EXAMPLE NO. 


VISIBLE 

ABSORBANCE (AU) 


RELATIVE 1 

FLUORESCENCE 

INTENSITY 


(9a) 


0.490 


1140 


(9d) 


0.485 


124 



Table 9.1 Example of the decrease in fluorescence for dye (9d) 



25 
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3-(3-ffeff-Butoxycar bonvlainino)Dropvlamino)-2.4-bisf3-ethyl.2. 
banzQthiazolinylidanemethyM-cyciobutenediylium-l-olate 

methosHlphate (9g) 

Synthesised in an analogous manner to (9c) using te^-butyl- 
s A/-(3-aminopropyl)carbaniate. 

?l„«.(IVIeOH)=656 nm 

6h (300MH2, CDC!,) 1.40 (9H. s. CMe,). 1.48 (6H, t. J 6.6. 
2XCH2CH3), 1.97 (2H, m, NHCHjCHj), 3.30 (2H. br q, CHjNH). 3.67 (2H, 
br q. CHjNH). 3.74 (3H. s, MeOSOj). 4.13 and 4.44 (each 2H. br q. 
10 CH2CH3), 5.69 (1H, s, vinylH), 5.89 (1H, brt, NHBOC). 6.58 (1H, s. 
vinylH). 7.12-7.60 (8H. series m. ArH) and 8.83 (1H. brt. vinylNH). 

PNA SMtigncing wperimgnte 

Dye primer synthesis and subsequent sequencing 
1 s experiments were carried out In a similar manner to that outlined in 
Example 5 with labelling by either the succinimidyl ester or the ether 
derivative of the above dyes. The results were excellent. 




(9a) R=0' 

(9b) R-OMe MeOSOj- 
(9c) R=NHBu 

(9d) R=N(Me)CH2CH2CH2C02H CI- 
(9e) R=NH(CH2)3NHBOC 



20 
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EXAMPLE 10 

Synthgsig off a cqntrally modifigd crpconic acid based dye 

5 Croconic acid dye f10a) 

The dye (10a) was prepared according to the procedure 
outlined in US Patent 3793313 (1974). 

Xmax (MeOH) 754nm 

10 Methylation of flOa^ to give flOM 

Dye (10a) (250mg, 0.54mmol) was dissolved in chloroform 
(12ml) to give a dark olive-green solution. To this was added dimethyl 
sulphate (1 .5ml) and the mixture was heated at 60°C for 4h, giving a 
purple solution. T.l.c. (silica; 15% methanol / dichloromethane. (10a) 

15 yellow-green, dries to blue. Rf = 0.6 (10b) purple, Rf = 0.4). The 
solvent was removed under reduced pressure to a volume of ca. 2ml, 
then it was diluted with diethyl ether. The precipitated solid was collected 
by filtration, washed with more ether and dried under vacuum to give 
(10b). 330mg (100%). 

20 ^tnax (MeOH) 764nm 

Coupling of flOM to n-butvlamine to give MOc) 

Methylated dye (10b) (20mg) was dissolved in 
dichloromethane (5ml); to this was added n-butylamine (1drop). The 
25 colour of the solution changed quickly from purple to an orange-brown. 
T.Lc. (silica; 15% methanol / dichloromethane. (10b) purple, Rf = 0.4 -> 
(10c) orange-brown, dries to purple, Rf - 0.55). The solution was purified 
by flash chromatography (silica; 10% methanol / dichloromethane) to give 
the amino dye (10c). 15mg. 
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^max(M OH)768nm 

8h(270MHz:CDCIj) 0.98 (3H. t, CH,CHjCHj), 1.50-2.00 
(10H. m. 2xCHjCH3 and NCHjCHjCHj). 4.30 (2H, m. NHCHj). 4.50 and 
4.90 (each 2H. br q. 2*CHfiH^, 6.50 (1H. s, vinylH). 7.2-7.8 (9H. m. 
5 vinylH + SxarylH) and 11.15 (1H. br. NHCH,). 

Coupling of (lOb) to 4-(methvlaminomutanoic acid 

4-(Methylamino)butanoic acid HCI (31 mg, 0.2mmol) was 
dissolved in methanol (5ml), then a solution of tetra-n-butylammonium 
hydroxide in methanol (1M, 0.4ml. 0.4mmol) added. To this was added 
(lOb) (60mg. O.lmmol), giving a brownish solution. T.l.c. (silica; 15% 
methanol /dichloromethane. (10b) purple. Rf = 0.4 -* (lOd) brown, Rf 
<0.1). The solvent was then removed under reduced pressure and the 
residue purified by preparative t.l.c. (silica; methanol 40% ; chloroform 
60%) to give the acid dye (10d), 20mg. 
^max (MeOH) 788nm 




(10a) R=0- 

(10b) R=OMe MeOS03- 
(10c) R=NHBu 

(lOd) R=N(Me)CH2CH2CH2C02H 



10 
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EXAMPLE 11 

Synthesis of phosphoramldite derivatives of sgu arate dyas 

Synthwis of dye phoaphQiramidltg (11c) 

3-Methoxv^-/1^thyl-3.3-dimethvl-5-sulDhonatQ>2> 
indonny!idenemethvl^cvclobut-3-en-1.2-dione. s odium salt (11a) 

1-Ethyl-2.3.3-trimethylindoleninium-5-sulphonate (1e) 
(1.33g. 5mmol) was dissolved in dry methanol (12ml); to the resulting 
solution was added sodium n^ethoxide (0.27g, 5mmol) and the mixture 
stirred until all the sojid had dissolved (5min). 3,4-Dlmethoxycyclobut-3- 
en*1,2-dione (0.71 g, Smmol) was then added and the resulting mixture 
heated at reflux under nitrogen atmosphere for4h. The greenish*yellow 
mixture was then cooled at O^C for 16h. The precipitated yellow solid was 
collected by filtration, washed with ice-cold ethanol and diethyl ether, then 
dried under vacuum at 50^C to give the title compound (11a), 0.67g 
(34%). 

^max (MeOH) 422nm 

5„ (270MHz, CD3OD) 1.3 (3H, t, indole N-CH2-Cli3). 1.6 
(6H, s. indole CMe2). 4.0 (2H. g. indole N.CU2-CH3), 4.6 (3H, s, -OMe). 
5.6 (1H. s, methine -Ctl=). 7.1 (1H, d). 7.8 (2H, m). 

2>(1>EthyU3,3^imethyl>5-sulphonato-2>indolinyli denemQthyl)^^1^S- 
hydroxyDentyl|-3.3-dimethvU2-indolinylidenemethyl)- 

gyclQbutenediy llMm-l ,3-dlolatg (lib) 

Intermediate (1m) (415mg. I.Ommol) and half-dye (11a) (350mg, 
O.BSmmol) were mixed in dry 1-butanol (10ml) and the mixture heated at 
reflux for 6h, giving a deep blue solution. Th reaction was then deemed 
to be complete by UVA/IS (methanol solution, ^.^^ax 632nm) and t.l.c. (C- 
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18 silica; ethanol 50% : water 50%. One blue spot at Rf - 0.3). 

The acetate-dye was not isolated; the solvent was removed 
under reduced pressure and the residue redissolved in methanol (5ml). 
To this solution was added potassium cart>onate (200mg) and the mixture 
5 stirred for about 1h (C-18 silica; ethanol 50% : water 50%. Dye-OAc, Rf - 
0.3 -> (11b). Rf = 0.4). This mixture was purified by prep. HPLC (C-18 

column; water-»methanol gradient) to give the title compound (1 lb), 
450mg. 

^max (MeOH) 632nm 

10 5h (300MH2, DMSO-broad spectrum) 1 .26 (3H, t, indole N- 

CH2-Cld3), 1.45 (4H, m. 2x .Ctl2-). 1-67 (14H. 2x indole CMe2 and 
-Ctl2-). 3.38 (2H, -CM2-0H). 4.09 (4H, 2x indole N-Ca2-). 4 39 (1H, - 
Otl). 5.77+5.80 (each 1H. s. 2x methine -Chl=). 7.16 (1H, m) + 7.24 (1H, 
d) + 7.33 (2H, m)= 4x indole aryl-H, 7.51 (1H, d) + 7.69 (1H. d) + 7.66 

IS (1 H, s)s 3x sulphonated indole aryl-H. 

PhosDhitvlation to give phosph oramidite dye (11c) 

The hydroxy dye (lib) (250mg) was dissolved in dry N.N- 
dimethylformamide (5ml). To the resulting solution was added N.N- 
20 dlisopropylethylamlne (0.17ml) and 2-cyanoethyl-N.N-diisopropyl- 
chlorophosphoramidite, in 0.05ml aliquots with t.l.c. monitoring (C-18 
silica; ethanol 50% : water 50%. (lib), Rf = 0.4 (11c), Rf = 0.5). After 
addition of three aliquots (0.15ml total) the reaction appeared complete. 
This solution was then used directly on an automated DNA synthesiser. 



25 
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Synthesis of dye phoaphoramidite ^11f) 

2^1 ■Ethyl-3.3-dimathyl-2.fndollnylidenemethyl)-d^1 4S-aeatoirypfln«y I). 
3.3.dimethy|.2-indolinylldenemethv».cvclQbutanediylium.1.3^iftlate 

Intermediate (1m) (415mg, I.Ommol) and 3-buto)(y-4-(1- 
ethyl-3,3-dimethyl-2-jndoiinylidenemethyl)-cyclobut-3-en-1,2-dione (7b) 
(339mg, I.Ommol) were mixed with anhydrous 1-butanol (10ml); the 
resulting mixture was then heated at reflux for 16h, giving a deep blue 
solution. The solvent was removed under reduced pressure and the 
residue purified by flash chromatography (silica; 4-10% methanol / 
dichloromethane) to give the title dye (lid), 420mg. 

Xmax (MeOH) 628nm 

6h (300MHz. CDCI3) 1.38 (3H. t, J 7.1 Hz. indole N-CH2- 
CJd3), 1.47 (2H, m, -CM2-). 1-65-1.85 (16H. m. 2x indole CMe2 and 2x - 
Ca2-). 2.02 (3H. s, Cld3-C00-). 4.00 (4H. broad, 2x indole N-Chfe-), 4.04 
(2H, t. J 6.4Hz. -Ca2-0Ac). 5.92-5.94 (each 1H, s, 2x methine -Cb=). 
6.96 (2H, m) + 7.13 (2H, m) + 7.30 (4H. m)= 8x indole aryl-H. 

2^1.Ethy|.3.3^imethvl-2-indolinvlidenemethyl)-d-(1^5.hydroxypBntyl). 
3.3.diinethyU2.indoHnvHdenomethyh-cyelobutenediyrmm-1.3-dlolata 

Ulfi) 

To a solution of acetate-protected dye (11d) (400mg) in 
methanol (20ml) was added potassium carbonate (200mg). The mixture 
was stirred at room temperature with t.l.c. monitoring (silica; 10% 
methanol / dichloromethane. (lid), Rf - 0.6 -> (lie), Rf = 0.35). Alter 2h 
the solvent was removed under reduced pressure and the residue was 
purifi d by flash chromatography (silica; 4-10% methanol / 
dichloromethane) to give th title compound (1 1 ), 338mg. 
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^max(M OH)628nm 

6h (300MHz. CDCI3) 1.37 (3H. t, J7.2Hz. indole N-CH2- 
Cld3). 1 W (2H. m. -Cld2-). 1-67-1.88 (16H. m, 2x indole CMe2 and 2x - 
Cil2-). 2.45 (1H, broad s. -OM), 3.67 (2H, t. J6.2H2, -Chl2-0H). 4.04 (4H, 
broad, 2x indole N-Ca2-). 5.92+5.98 (each 1H, s, 2x methine -Ctl=), 6.97 
(2H, m) + 7.12 (2H. m) + 7.30 (4H, m)= 8x indole aryl-H. 

Phosphitvlation to oiva phosnhoramid ita dya fill) 

The hydroxy derivatised dye (lie) (205mg, O.Smmol) was 
dissolved in dry dichloromethane (5ml) under nitrogen atmosphere. To the 
blue solution was added N.N-diisopropylethylamine (0.1ml), followed by 2- 
cyanoethyl-N,N-diisopropylchlorophosphoramidite (5 drops), and the 
mixture stirred at room temperature for 1.5h. T.l.c. (silica; 10% methanol / 
dichloromethane. (lie), Rf = 0.35 (11f), Rf = 0.55). The mixture was 
then diluted with 10% triethylamine / ethyl acetate and washed with 10% 
aqueous sodium carbonate solution and brine. The organic solution was 
dried (MgS04), filtered and the solvent removed under reduced pressure. 
The resulting gum was purified through a short silica plug (5-15% 
triethylamine / dichloromethane) to give the title compound (11f) (150mg), 
after removal of solvent. This solution was then used directly on an 
automated DNA synthesiser. 

Synthesis cf phosphoramidite dya (111) 

2-4-Bis-M-(5-hvdroxvpenttfn-3.3-dimethvi-2-lndoiinylid anamethyi)- 
cvclQhutanediviium-I.S^ iolata (llq) 

Intermediate (1m) (4.35g, 1 0.Smmol) and 3,4- 
dihydroxycyclobut-3-en-1,2-dlone (570mg, 5.0mmol) were mixed in dry 1- 
butanol (20ml); the resulting mixture was h ated at reflux for 16h, giving a 
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d ep blue solution. T.l.c. analysis showed thr blu products (silica; 15% 
methanol / dichloromethane. Rf = 0.8, 0.65 and 0.55). The solvent was 
removed under reduced pressure and the residue dissolved in methanol 
(20ml), then potassium carbonate (SOOmg) added. This mixture was 
5 stirred at room temperature for 2h; (silica; 1 5% methanol / 

dichloromethane. Rf = 0.8, 0.65 and 0.55 -> Rf 0.55 only). After removal 
of solvent the residue was partitioned between water and 
dichloromethane; the organic layer was retained, washed with water and 
brine, then dried (Na2S04), filtered and the solvent removed under 
10 reduced pressure. The caide dye was purified by flash chromatography 
(silica; 4-15% methanol / dichloromethane) to give the title compound 
(11g). 1.47g. 

Xmax (MeOH) 630nm 

6„ (300MH2. CDCI3) 1.52 (4H, m, 2x -CM2-). 1.65-1.90 
15 (20H, m, 2x Indole CMe2 and 4x -CJJ2-). 2.7 (2H, broad, 2x -OhI), 3.66 
(4H, t, J 6.2Hz. 2x -Cld2-OH). 4.02 (4H. broad, 2x indole N-Cil2-), 5.96 
(2H. s,2x methine -CM*), 6.97 (2H, d, J7.7Hz) + 7.12 (2H, t, J7.3Hz) + 
7.30 (4H. m)= 8x indole aryl-H. 

20 2-f5-HvdroxvDentv|.3.3-dlmethvl-2-indolmylldenamathyl H.<l-^( A.4'- 
dlmethoxytritvloxvtoentvi\.3.3.dlmcthyl.2-indolinylidenBmBthyl)- 

cyclPbwtenMlly liwm-1 .3-dlolate (1 1 h) 

The bis-hydroxy dye (llg) (1.14g, 2.0mmol) and 4,4'- 
dimethoxytrityl chloride )0.75g, 2.2mmol) were dissolved in dry pyridine 
25 (1 0ml) and stirred at room temperature for 16h under nitrogen 

atmosphere. T.l.c. analysis (silica; 10% methanol / dichloromethane) 
showed three blue spots, corresponding to unreacted (llg) (RpO.25), 
product (11h) (RpO.45) and some bis-protected compound (RpO.9). The 
reaction was quenched by the addition of methanol (1ml) followed by 
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Smins stirring, before the solvent was removed under reduced pressure. 
The blu components were then separated by flash chromatography 
(silica; 1-10% methanol / chlorofomi). Fractions containing the bis- 
protected compound were combined and treated with trichloroacetic acid 
(0.5g) for Ihr, then combined With those containing unreacted dye. (ilg) 
was then recovered and re-reacted as above. After reaction and work-up. 
the product (11 h) was combined with that from the first reaction to give a 
total of 1.1 8g. 

^max (CH2CI2) 634nm. Addition of trichloroacetic acid gave 
extra peaks at 416nm and 504nm. corresponding to DMT cation. 

8h (300MHz. CDCI3) 1.02 (4H. m, 2x -Ctl2-). 1.51-1.88 
(20H. m. 2x indole CMe2 and 4x -Cti2-). 2.4 (1H, broad. -OH), 3.03 (2H. 
t. J 6.0Hz. .CH2-ODMT). 3.66 (2H. t. J6.2Hz, -CH2-OH). 3.76 (6H, s. 2x 
Ar-OMe). 4.00 (4H, broad. 2x Indole N-Ctl2-). 5.92+5.98 (each 1H, s, 2x 
methine -Ctl=). 6.78 (4H. m). 6.94 (2H, m). 7.09-7.40 (15H, m). 

PhOSPhitvlation to give Phosphoram idita dya fHi) 

Dye (11h) (220mg, 0.25mmol) was dissolved In dry 
tetrahydrofuran (2ml); to this deep-blue solution was added N.N- 
diisoprcpylethylamine (0.1ml). followed by 2-cyanoethyl-N,N- 
diisopropylchlorophosphoramidite (0.1ml, 0.4mmol). The resulting mixture 
was stirred at room temperature and the reaction monitored by t.l.c. 
(silica; ethyl acetate 50% : acetonltrile 50%. (11h), Rf = 0.35 -> (111), Rf = 
0.65). After 2h the mixture was diluted with ethyl acetate (25ml), washed 
with 5% aqueous sodium hydrogen carbonate solution and brine, then 
dried (MgS04) and filtered through a 0.5cm-thlck plug of silica, washing 
through with ethyl acetate. The solvent was removed under reduced 
pressure, then re-evaporated from dry toluene solution. The residue was 
then dried und r high vacuum, re-analyzed by t.l.c. (silica; ethyl acetate 
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50% : acetonitrile 50%. One blue spot. Rf = 0.65) and used directly for 
DNA labelling on an automated DNA synthesiser. 

Synthesis of dve phosphoramidita (111) 

5 

2-4-Bi8-(1-(S-hvdr0XVDentv»-3.3^imethvi.24>en?in dolinvlidenftmflHiyl) . 
cvc!obutenedivlium-1.3^lolate f 1 1 j) 

Synthesised by an analogous method to dye (11 g), 2.96g 

(43%). 

io Xniax (MeOH) 663nm 

6h (300MHz. CDCI3) 1.50 (4H. m, 2x -Ctl2-). 166 (4H. m. 2 

X -CH2-). 1.86 (4H, m, 2x -Ctl2-). 197 (12H, s. 2x Indole CMe2). 3.4 (2H. 

s. 2x -QH). 3.62 (4H. t. 2x -Chl2-0H). 4.07 (4H. broad, 2x indole N-Cti2-). 

5.97 (2H. s. 2x methlne -CM*). 7.22 (2H. d). 7.32 (2H. app t). 7.47 (2H. 
15 td), 7.79 (4H. app t), 8.10 (2H. d). 

2-(5-Hvdroxvpentvl^.3-dimethvl.2.benzindolin yliden6methyn-d^1- 
ff4.4'-<limethoxvtritvloxv>Dentvn-3.3-dimflthyl-2. 
benzindolinvlidQnemethyl)-cy clobutenediylium.1.3-diolate (11k) 
20 Synthesised by an analogous method to dye (11 h), 1 .58g 

(38%). . 

Xrnax (MeOH) 663nm 
MS (MALDI-TOF): 939 

6h (300MHz. CDCI3) 1.4-1.9 (12H. m. 8x -Ctl2-). 
25 1 .982+1 .985 (each 6H, s. 2x indole CMe2). 2.98 (2H, t. -CH2-0DMT), 
3.63 (2H. t. -Ctl2-OH). 3.67 (3H. s. MMT-OMe). 4.04 (4H, broad. 2x 
indole N-Ctl2-). 5.93+5.99 (each 1H, s. 2x methlne -CJJ=). 6.69 (2H. m). 
7.1-7.24 (10H. m). 7.28-7.36 (6H, m). 7.45-7.53 (2H. m). 7.70-7.83 (4H. 
m). 8.08-8.16 (2H. m). 
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(11 g) Ri=R2=H 

(11h) Ri=HR2=0DMT 

(11i) R,=P(OCH2CH2CN)N*Pr2 R2=0DMT 




(11j)Ri=R2=H 

(11k)R,=HR2=0DMT 

(111) R,=P(OCH2CH2CN)NiPr2 R2=0DMT 

Incorporation of dya monomers into DMA primers and use in 

sequgncing 

s Dye primers were synthesised as follows on an A6I 394 4- 

column DNA synthesiser using Pharmacia 'Pac" base amidites [Example 
(11f)] or Glen Research "Uttra-Mild" amidites [(11c), (11i)]. All other 
synthesis reagents were from ABI. Oligonucleotides were prepared on a 
0.2 (imol scale using the standard cycle except for the dye-amidite 

10 coupling reaction where the coupling time was manually xtended. 
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The primer sequenc used was a -21 M13 universal 18mer 
5' tgtaaaacgacggccagt 3'. The dye phosphoramidites were added to the 
5' terminus. Cleavage from the support and subsequent deprotections 
were performed using either 30% NH4OH at 60 '^C for 20 min (11f)) or 
5 0.05 M KsCOa in MeOH for 2h at 25 ^C. After deprotection the crude 
oligonucleotides were concentrated under vacuum and then precipitated 
by addition of 1/10^ volume of 3M sodium acetate and 3 volumes of 
absolute ethanoL After centrifugation at 13000g for minutes the DNA 
pellets were washed with 70% ethanol and dissolved in 100 ^1 of 95% TE 

10 buffer/5% acetonitrile ready for HPLC. A fraction was used for 

spectrophotomeric analysis - an approximation of percentage labelling 
was estimated from the ratio of the DNA to dye extinction coefficients. 
Final purification of the oligonucleotides was perfomied by HPLC using 
Spherisorb 0DS2 C18 column [5^] and 0.1M ammonium acetate and 

IS acetonitrile as eluent with a 5-70% acetonitrile gradient at 1 ml/min. 
Detection was perfomned at 260 and 640 nm with collection of fractions 
absorbing at both wavelengths. These were concentrated under vacuum 
and ethanol precipitated as above. The DNA pellets were dissolved in TE 
buffer and the OD 215-750 nm spectmm determined. Primers were 

20 diluted to 2 pmol/fxl for DNA sequencing. 

Sequencing experiments were performed as outlined In 
Example 5 with excellent results. 
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EXAMPLE 12 

Synthesis of hydroxy sauarata dya darivativBa auitohto fftf 
conversion to Dhosnhoramiditaa. 

2-(1-(13-HYdrQXV-7^Za-6-OXOtridecanvt^-3.3^imethyl. S-8Ulphnna»n.2- 
lndolinvlidenemethvn-4-f1-ethvl-3.3^imflthvl.S-siil phonato-2. 
indQiinvlidenemethvD-cvctobutenediy lium.l .a^ioiate f 1 9^) 

Activation of dye (2b^ as the NHS eater 

Dye (2b) (100mg. 0.1 1mmol). 0-(N-succinimidyl)-N,N.N',N'- 
bis(tetramethylene) uronium hexafluorophosphate (70mg, 0.17mmol) and 
N.N-diisopropylethylamine (10 drops) were mixed in dry N.N- 
dimethylformamide (2ml) to give a deep blue solution. The reaction to give 
the dye-NHS ester was monitored by t.l.c. (C-18 silica; methanol 40% : 
water 60%. (2b) Rf « 0.2, NHS ester Rf = 0.3). The reaction was complete 
after 2h. The product was used in the next reaction without any further 
manipulations. 

2-(1-f13-Hvdroxv-7-aza-6-oxotridecanyn-3.3-dimathyl^ -8ulDhonato.2. 
lndQlinvlidenemethvH-4-f1-ethyl-3.3.dimethvl-S-BulnhQnatft.g- 
indQlinvlidenemethv»-cvclobutenedlvlium.1.3-diolatB (1 2a) 

To the above mixture was added 6-aminohexan-1-oi (25mg, 
0.2mmol) and the mixture stirred at room temperature with t.l.c. 
monitoring (C-18 silica; methanol 50% : water 50%. NHS ester Rf = 0.4, 
(12a) Rp 0.55). Reaction was complete after 1h. The crude dye was 
precipitated with diethyl ether, dried under vacuum, then purified by prep. 
HPLC (C-18 silica column; water-+methanol gradient). Yield of the titled 
compound (12a) - 70mg. 
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2-f1^14-/4.4'-DimethoxvtritvloxvM3.hvdr oxv-11^xa.7.aM^. 
0XQtetradecanvn-3.3-dimethvl-S^ulDhonato.2jndoii nvlidflnamAthyi)^ 
(1 -othvl 3.3-<liinethvl-5-sulphonato-2-indolinvlidflnemflthyi>. 
cvclobutenadlvllum-1.3-dlolata ^12h) 

Activation of dve f2b) as the NHS ester 

Dye (2b) (40mg, O.OSmmol) was reacted as described in 
Example (12a), to give the NHS ester which was used without purifying. 

2-i 1 -f 1 4-/4.4'-Dimethoxvtritvloxy)-1 3.hy droxv.1 1 -oxa-T-aya^. 
oxotetradecanvl>-3.3.dimethvl-S-sulphQnato.2jndoliny lidenemflthyi)^ 
f1-ethvl-3.3.dimethvl.S.sulDhonato.24ndollnyHdftnemftthyi). 
cvclobut6nediylium.1.3.d lolate (12h) 

To the above mixture was added the 7-(4,4'- 
dimethoxytrltyloxy)-6-hydroxy-4-oxaheptylamine (30mg, 0.067mmol) and 
stirring continued. The reaction was monitored by t.l.c. (C-18 silica; 
ethanol 50% : water 50%. NHS ester Rf = 0.8, (12b) Rf = 0.6). After 1h 
the reaction was complete and the dye was precipitated by adding diethyl 
ether. The crude product was purified by prep. t.l.c. (C-18 silica; methanol 
60% : water 40%) to give pure dye (12b), 55mg. 

^max (MeOH) 836nm; Xgm (MeOH) 

6h (300MHz, DMSO) 1.1-1.35 (5H. m), 1.4-1.7 (18H, m. 
indole CMe2 and 3x-Ctl2-). 197 (2H, t. R-Ctl2-C0NH-). 2.85 (2H, m, 
glycol -Cb2-). 2.94 (2H, m, glycol -CM2-). 3.10 (1H, m, glycol -CH-). 3.28 
(4H. m. -C0NH-Cli2- and -CM20-glycol), 3.64 (6H, s, 2xAr-0Me), 4.04 
(4H, broad m, 2x indole N-Ctl2-). 4.81 (1H, appd. -OH). 5.74 (2H. s.2x 
methine -Cll=). 6.79 (4H, m) + 7.08-7.28 (9H. m)= 13x DMT aryl-H. 7.32 
(2H, m) + 7.55 (2H. m) +7.61 (2H. m)= 6x indole aryl-H. 7.69 (1H. t. - 
CONJd-). 
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OR 



(2b) R=H 

(12a) R=NH(CH2)60H 




(12b) 
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EXAMPLE 13 

Synthesis of non sulohonated souarate dyes and comnarison «f 
Photostabilitv propertias with autphonic acid darivati scd aquarate 
dyea. 

2-11 -fS-Carboxvpentv».3.3-dimathvi-2-in doBnv»denemethvn^1 
3.3-dimethvl-2-indolinvlidenemethvhcvclQbutenediyli um.1.3.dinlate 

ma) 

The title compound was prepared as its butyl ester in a 
similar manner to (2b) butyl ester, vide supra, (11), squaric acid and (1g). 
A^(MeOH) 630 nm; X^(MeOH) 643 nm 
5h (270 MHz;CDCI,) 0.93 (3H. t. J7.3). 1.3-1.92 (13H. m). 
1.78 (12H. s), 2.32 (2H.t. J 7.3). 3.9-4.2 (4H, m). 4.06 (2H. t, J 6.7). 5.94 
(1H. s). 5.97 (1H. s). 6.95-7.05 (2H, m). 7.1 1-7.25 (2H. m) and 7.26-7.45 
(4H. m): 

Saponification of the butyl ester in an analogous method to 
Example (2b) gave the title compound (13a) 

5„ (270 MHziCDCy 1.40 (3H, t. J 7.3). 1.60-2.00 (6H. m). 1.78 
(12H. s). 2.42-2.50 (2H. m), 3.95-4.18 (4H. m). 5.90-6.00 (1H, br s). 6.05- 
6.15 (1H. br s). 6.93-7.08 (2H. m). 7.10-7.25 (2H. m) and 7.28-7.45 
(4H. m) 

Activation of (13a) to an succlnimidyl ester was carried out 
as per the method described in Example (4) 

2-f1-Butvi-3.3.dlmethvl-S.carboxymBthy!.2.lndQHnyli denem6thvl)^^1. 

ethvl-3.3-dimethvl-2-indolinvlidenemethvncyclobuten ediviium-1.3. 
diolate (13b) 

The title compound was prepared as Its butyl ester in a 
similar manner to Example (2b) butyl ester, vide supra, (1j). squaric acid 
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and (1g). 

(MeOH) 632 nm 

5h (270 MHz:CDCI,) 0.90 (3H, t). 0.98 (3H. t), 1.20-2.10 (7H. 
m). 1.80 (12H. s). 3.65 (2H, br s). 3.90-4.20 (6H. m). 5.95 (2H. s). 6.85- 
7,05 (2H. m) and 7.15-7.45 (5H, m) 

Saponification of the butyl ester in an analogous method to 
Example (2b) gave the title compound (13b) 

8h (270 MHz;CDCI,) 0.95 (3H. t), 1.35-1.55 (5H, m). 1.70- 
1.90 (14H. m). 3.70 (2H, s). 3.80-4.20 (4H. m). 5.95 and 6.00 (each 1H. 
s). 6.92 (1H, d). 7.00 (1H. d). 7.15 (1H, d) and 7.32-7.41 (4H, m) 

Activation of (13a) to an succinimidyl ester was earned out 
as per the method described in Example (4) 

2-(1-f5-CarboxvDentv»-3.3-dimethvl-2-bangindollnyHri enemethyl)^. 
M-ethvl-3.3-dimethvl-2.ben2indolinylid enemethyl). 
cyciobutenediylium-l.a ^iolate (13e) 

A mixture of (Ik) (119 mg). (II) (162 mg) squaric acid (37 
mg) and potassium acetate (98 mg) in 2-butanol (20 ml) was heated at 
100 "C for 10 h and then concentrated in vacuo. Purification of the 
residue by HPLC (C„ isocratic MeOH) afforded the title compound {^Zc). 

8h (270 MHziCDCI,) 1.45 (3H, t). 1.76 (2H. m), 1.85-2.05 
(4H. m), 2.07 (12H. s). 2.48 (2H, m). 4.10-4.28 (4H. m), 5.98 and 6.12 
(each 1H, s). 

Activation of (13c) to an succinimidyl ester was carried out 
as per the method described in Example (4). 

2-f1-f5-CarboxvDentvh.3.3-dimethvl-2-lndolinyildftne mathvh-d./3.athYl. 
2-benzothiazolinvlldenemethvn-cyclobutenediyiiu m-1 .a-dioiata ^1 3d) 
Synthesised from th intemiediate half-dye, prepared from 
int nfnediate (11) and squaric acid, and intermediate (Is) to give the n- 
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butyl ester as per Example (2b). 

Saponification gave the free acid (13d) and this was 
converted to the N-succinimidyl ester as per Example (4). 
UMeOH) 638 nm 
5 5„ (270MHz; CDCI,) 1.46 (3H. t. CH^Me). 1.63-2.07 (6H. m). 

1.75 (6H. s. 2xMe). 2.46 (2H. t. CHjCO,H), 3.95 (2H. brt. HCHfiH^), 4.25 
(2H. q. NCHjCHj), 5.93 and 6.00 (each 1H. s. 2xvinyl CH), 6.90 (1H. d, 
ArH), 7.04-7.54 (6H, series m. ArH) and 7.61 (1H, d, ArH) 

)0 2-f1-f5-CarboxvDentvn.3.3.dimethvl.2-hBn z mdoMnvlidenemethyl)^- 
(1-methvl-3.3-dlmethvl-2-indonnvlidenemethvlVcyelo huten6diyllum. 
1.3^iolate (13fl) 

Synthesised from the intermediate half-dye, prepared from 
1,2,3,3-tetramethylindolenlnium iodide and squaric acid, and intemnediate 
IS (1 1) to give the n-butyl ester as per Example (2b). 
Saponification gave the free acid (13e) 

X^(MeOH) 644 nm 

Free acid: 5h(300 MHz; CDCI,) 1.70-1.80 (12H. m. indole 
CMej + 3x CHj). 2.05 (6H. s, benzindole CWe^). 2.47 (2H. brt, CHjCO^H). 
20 3.57 (3H. br s, indole NCHj), 4.16 (2H. br t, benzindole NCHj-). 5.88+6.14 
(each 1H. s. vinylH). 7.00 (1H, d), 7.13 (1H. m). 7.26-7.36 (3H. m). 7.43 
(1H. app t). 7.58 (1H. app t). 7.89 (2H. app t). 8.20 (1H. d). 
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OH 



(13a) X=CMe2 
(13d) X=S 




OH 



(13c) 
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(13e) 



Photostabiiitv of Indolinium Based Sg uaiate Dyos 



EXAMPLE 


OVERALL 


NO.OFARYL 


NO.OFALKYL 


T,« 




CHARGE 


SULPHONATE 


SULPHONATE 


(MIN) 






GROUPS 


GROUPS 




CyS™ 


-1 


2 


0 


26.4 


13a 


0 


0 


0 


25.4 


13b 


0 


0 


0 


26.1 


2f 


-1 


1 


0 


40.4 


2d 


-1 


1 


0 


S1.0 


2e 


-3 


1 


2 


61.2 


2c 


-2 


2 


0 


81.3 


2a 


-3 


2 


1 


88.5 1 


2b 


-2 


2 


0 


9.9 1 



Benzindole Baaed Dyaa 



EXAMPLE 


OVERALL 


NO. OF ARYL 


NO. OF ALKYL 


T,« 




CHARGE 


SULPHONATE 


SULPHONATE 


(MIN) 






GROUPS 


GROUPS 




13e 


0 


0 


0 


22.4 


2h 


■2 


2 


0 


38.9 1 
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PhotostabiHtv of Mixed Thiazolinium/l ndolinium Rasad Souarate 

Dyes 



EXAMPLE 


OVERALL 


NO. OFARYL 


NO.OFALKYL 






CHARGE 


SULPHONATE 


SULPHONATE 


(MIN) 






GROUPS 


GROUPS 






0 


0 


0 


7.7 


3b 


-1 


0 


1 


10.7 


3a 


-1 


1 


0 


15.2 1 



EXAMPLE 14 

Synthesis off an Eneryy Transfer Caaaette 

10 2.4-bteM-(S-CarboxvDentyi>-3.3.dimBthvi^.aulphonateA 
indolinvitdenemethyhcyciobutenedivlium.1 . 3-diolata {^Aa) 

Intermediate (1c) (1.42g, 3.0mmol) and squaric acid (0.17g, 
1.5mmol) were mixed in anhydrous 1-butanol (10ml). The resulting 
mixture was heated at 1 10°C for 65h. A deep green-blue colour was 

15 generated during this time, with some dark solid present. The solvent was 
removed under reduced pressure; the residue was then redissolved in 
methanol (15ml), and a solution of potassium hydroxide (0.5g, 9.0mmol) 
in water (10ml) added. This solution was stin-ed for 20h. T.l.c. analysis 
(C18-silica; methanol 50%: water 50%. Major blue spot at RpO.S). The 

20 solution was then neutralised with acetic acid before purification by prep. 
HPLC (C18, water->methanol gradient) to give title dye (14a). 

(MeOH) = 638nm; X„ (MeOH) = 636nm; = 644nm. 
8h (300MHz. CDjOD) 1.52 (4H, m), 1.70 (4H. m). 1.77 (12H, 
s, indole CMe,). 1.86 (4H, m). 2.35 (4H. t. J7.3, 2x -CMzCOjH), 4.17 (4H, 

25 broad s, 2x indole N-Ctlr). 6.03 (2H, s. 2x vinyl -Ctl=). 7.33 (2H, d, J 
7.7Hz), 7.86-7.90 (4H, m). 



wo 97/40104 



-71 - 



PCT/GB97/01ie5 



3-(3-rt-Butvloxvcarfaonvlamino^DropylaminQ) -2.4-bisf3^thyl.; , 
benzothiazonnvlidcnemathyl).cyclobutanedi ylimn-1.olate 
methoaulphate (14b) 

Dye (9b) (560mg, I.Ommol) was dissolved in 
5 dichtoromethane (20ml). To the resulting deep blue solution was added t- 
butyl-N-(3-amlnopropyl) carbamate (190mg, l.lmmol). This mixture was 
stirred at room temperature until the reaction was complete by t.l.c. (silica; 
10% methanol in dichloromethane. (9b) Rr=0.2 (14b) Rf=0.3). 
The solution was then washed with water, dried (Na2S04), filtered and the 
solvent removed under reduced pressure to a volume of about 5ml, The 
product was then precipitated by addition of diethyl ether; the resulting 
solid was collected, washed with ether and dried under vacuum at Z5''C to 
give the titie dye (14b) (640mg). 

(MeOH) s 658nm: (MeOH) = 658nm; \^ - 670nm. 
6h (300MHz, CDCI,) 1.40 (9H. s. -CMe,), 1.48 (6H. t, J 
7.0Hz, thiazole N-CHj-CU,). 1.97 (2H, quin, -CHj-CUi-CHj-). 3.31 and 
3.66 (each 2H. q. NH-Ctlj-), 3.79 (3H. s. methosulphate), 4.13 and 4.44 
(each 2H. q. thiazole N-CM2-CH3). 5.69 (1H. s. vinyl-Cii=). 5.89 (1H, 
broad t. BOC-NM-). 6.58 (1H. s, vinyl-Chl=). 7.12-7.20 (2H. m). 7.28-7.36 
(3H. m), 7.42-7.47 (2H. m). 7.58 (1H, d). 8.83 (1H, broad t. squarate-NH- 
CH,-). 

3-((AminoDroDvhaminoU2.4-bi8f3.athyl-2. 

benzothiazolinvlidenemethvU-cvclobutenBdfyli um-l-Qlate 
trifluoroacetate. triffluoroacetic aci d salt (14c) 

The protected dye (14b) (250mg) was dissolved in 
chlorofomn (4ml). To the deep blue solution was added trifluoroacetic acid 
(2ml), turning the solution a yellow-brown colour. This mixture was stirred 
for 1h, the solv nt was removed under reduced pressure. The residue 
was redissolved in 4ml of 10% methanol / dichloromethane, restoring the 
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blue colour. The dye was precipitated by addition of diethyl ether; th 
solid was collected, washed well with fresh ether and dried under vacuum 
at 50°C to give the title amine dye (14c). 245nftg. 

(MeOH) = 656nm; X«, (MeOH) = 657nm: = 671nm. 

5 5h (300MHz, DMSO) 1 .27-1 .36 (6H, 2x overlapping t, 

thiazole N-CHj-Ca,). 1.95 (2H. quin, -CHj-Ctlz-CHj-). 2.96 (2H. broad. - 
CUj-NH,*). 3.72 (2H. q, -NH-CH2-). 4.33-4.45 (4H. . 2x overlapping broad 
q, thiazole N-Chlz-CHj). 5.91 and 6.23 (each 1H, s. vinyl-Ctl=). 7.32-7.42 
(2H. app quin.). 7.49-7.58 (2H, m), 7.65-7.75 (2H. 2xd). 7.84 (3H. broad s. 

10 -Ntla*). 7.94-8.02 (2H. 2xd), 8.98 (1H, broad t, squarate-NH-CHj-). 

Couplino of M4a^ to M4c\ to give the ET cassette (14d) 

Diacid dye (14a) (60mg) was dissolved in anhydrous N.N- 
dimethylformamide (1ml); to the deep blue solution was added 0-(N- 

15 succinimidyl)-N,N,N',N'-bis(tetramethylene)uronium hexafluorophosphate 
(27mg) and N,N-diisopropylethylamine (50nl). This mixture was stirred at 
room temperature for 1h. T.l.c. (CI 8 silica; methanol 50% : water 50%. 
(14a) R^O.S-^nrono-NHS ester, RrO.35 and bis-NHS ester, Rr0.2).To 
the above mixture was then added N,N-diisopropyiethylamine (ISOfii) and 

20 amine dye (14c) (45mg); this mixture was stin'ed for another 2h. T.l.c. 
(CI 8 silica; methanol 85% : water 15%. (14a) RrO.95, amine (14c) 
RpO.1, product (14d) RrO.55). The crude dye was isolated by 
precipitation witti diethyl ether. The crude solid was purified by prep. 
HPLC (CI 8 silica; water->methanol gradient) to give the compound dye 

25 (14d). 

Kmx (MeOH) = 638nm with shoulders to short and long 

wavelengths. 

X« (MeOH) = 640nm; - 671 nm. 
5h (300MHz, DMSO) 1.17-1.35 (8H, m. 2x thiazole N-CHj- 
30 CH3 and -ChU-), 1 .50-1 .72 (24H. m. 2x indole N-CHj-CHj and 6x -Cldj-). 
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2.03 (2H. broad t, -CHj-CONH). 2.18 (2H. t. 7.2Hz. -CMj-COjH), 3.07 and 
3.52 (each 2H. broad, NH-CUj-). 4.04 (4H, broad, 2x indole N-Ctij-CH,), 
4.38 (4H, broad. 2x thiazole N-CJdj-CHj), 5.77 (2H, s. indole vinyl-H), 5.85 
and 6.31 (each 1H, s, thiazole vinyl-H). 7.21-7.39 (4H, m. 4xaryl-H). 7.43- 
5 7.72 (8H, m. 8xaryl-H), 7.87-7.99 (3H. m, 2xaryl-H and -CONd-), 8.82 
(1H, broad t, squarate -NH-CH,-). 
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EXAMPLE IS 

Synthesis of a Sauarate Dve LabeHed Peptides Usinff Both Sff hitiftn 
and Solid Phase A pproachaa 

5 

Representative example! 

SYNTHESIS OF PEPTIDE ON SOLID PHA.gp 

The serine protein kinase substrate peptide (NHj- 
ARRVTSAARRS-OH) was synthesised using solid phase Fmoc 

10 chemistry, the N-terminal Fmoc group was removed at the end of the 
synthesis. The peptide was cleaved from lOOmgs of resin and 
deprotected using a mixture of trifluoroacetic acid, water, thioanisole and 
ethanedithiol (95:2.5:5:2.5 v/v. 2 ml) for 90 minutes. The crude peptide 
was precipitated from cold diethyl ether, centrifuged down, dried in vacuo. 

15 then after dissolving in water, purified by semi-preparative HPLC using a 
Vydac C-18 reverse phase column at a flow rate of 4 ml/minute and a 
gradient of water/0.1% TFA to 60% acetonitrile/0.1% TFA over a period of 
30 minutes. Detection was at 230 nm. A major peak eluting at 8.5 
minutes was collected and freeze dried to give 10 mg of the desired 

20 peptide as a white solid. 

PREPARATIQM OP DYF -NHS ESTgp 

Squarate dye (21) (88mg,0.117 mmol), N- 
hydroxysuccinimide ( 20mg, 0.174 mmol) and N-cyclohexyl-N -(2- 

25 morpholinoethyO-carbodiimide methyl-p-toluenesulphonate (45 mg, 0.1 1 
mmol) and a single small crystal of 4-dimethlylaminopyridlne were placed 
in a round bottomed flask fitted with a magnetic stirrer bar and dry DMF (2 
ml) was added. The mixture was stirred for 16 hours at ambient 
t mperature, then the solvent was remov d under vacuum and the blue 

30 residue was dissolv d in dry DMSO (1 ml). 
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SOLID PHASE LABgLLIMG 

100 mg of peptide resin ( equivalent to -^0.03 mmol of 
peptide) was weighed into a 1 .5 ml polypropylene V-vial then 0.4 ml of the 
dye-NHS ester solution was added followed by 0.6 ml of dry DMSO plus 

5 0.02 ml dtisopropylethylamine. The vial was placed on rollers in the dark 
at ambient temperature for 18hrs. The resin was filtered off, washed with 
2x1 ml DMSO, 2x1 ml methanol and finally 2x1 ml dichloromethane, then 
dried in vacuo. The resin was treated with 2 ml of the deprotection 
mixture as outlined above to cleave the labelled peptide from the resin 

io and remove the protecting groups. The peptide was precipitated from 
diethyl ether as a blue solid. This was treated in the same way as the 
unlabelled peptide described above. Upon HPLC purification, a blue 
coloured peak etuted after 22.5 minutes, this was collected and freeze 
dried to give 3 mg of blue solid. Mass spec gave a peak at 1933 m. u. 

15 (calculated mol. wt. of the squarate dye labelled peptide =1 930). 

SOLUTION PHASE LABELUNQ 

0.3 ml of the dye-NHS solution was added to 5.0 mg (0.004 
mmol) of the peptide in a polypropylene V-vial, a further 0.7 ml of dry 
20 DMSO plus 0.02 ml of diisopropylethylamine was added, then the vial was 
placed on rollers in the dark for 18 hours. The mixture was then 
separated on semi-prep HPLC using the same conditions as outlined 
above 
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CLAIMS 

1 ■ A squarate dye of the formula (I) or (II) or (lla) 





X X (") 
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where each Z is independently O or S or CR^2> 
n = 1 - 3, 

each of s and m is 0, 1 or 2, 

Is lower alkyi (1-4 carbon chain), 
5 each is independently selected from electron donating 

and electron withdrawing groups or is a branched or straight chain of up 
to 30 carbon atoms incorporating one to five positively charged nitrogen 
atoms. 

each R^ is independently selected from: alkylene, 
10 alkenylene and alkynyiene (1 - 20 carbon chain), or is a branched or 
straight chain of up to 30 carbon atoms incorporating one to five ether 
oxygen atoms or arylene rings or positively charged nitrogen atoms. 

at least one X is a nucleophilic functional group, such as 
OH, SH or NHj, or alternatively a grouping capable of reacting with a 
15 nucleophile, 

and any other X present is independently selected from H 
and SO3 and the residue of a squarate dye of formula (I) or (II) or (lla) 
and another fluorochrome, 

provided that at least one R^ is SO 3 and/or at least one X is 
20 phosphoramidite. 
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2. Asquaratedy ofth formula (III) or (IV) or (IVa) 
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where each Z is independently O or S or CR\, 
n = 1 - 3. 

each of s and m is 0, 1 or 2, 

Is lower aikyi (1 - 4 carbon chain). 
5 each is independently selected from electron donating 

and electron withdrawing groups or is a branched or straight chain of up 
to 30 carbon atoms incorporating one to five positively charged nitrogen 
atoms, 

each is independently selected from: alkylene, 
10 alkenylene and alkynylene (1 - 20 carbon chain), or is a branched or 
straight chain of up to 30 carbon atoms incorporating one to five ether 
oxygen atoms or arylene rings or positively charged nitrogen atoms, 

at least one X Is a nucleophilic functional group, such as 
OH, SH or NH2, or alternatively a grouping capable of reacting with a 
IS nucleophlle 

and any other X present is independently selected from H 
and SOa* and the residue of a squarate dye of formula (III), (IV) or (IVa) 
and another fluorochrome, 

A is O. NR" or S. 
20 R^ is alkyl. alkenyl. alkynyl or H, and 

each Y is independently X or H. 

3. A squarate dye according to claim 1 or claim 2, wherein at 
least one R^ is SO3'. 

4. A squarate dye as claimed In any one of claims 1 to 3, 
25 wherein n is 1 and Z is -C(CH3)2. 

5. A squarate dye as claimed in any one of claims 1 to 4, 
wherein 1 to 5 SO3 groups are present. 
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6. A squarate dye as claimed in any one of claims 1 to 5. 

wherein at least one X is selected from COjH, activated carboxyl, CO 
active ester, NCS, O phosphoramidite, NCOCHji and 




7. A squarate dye as claimed in any one of claims 1 to 6, 
wherein each is individually selected from halogen, alkoxy, primary 
secondary and tertiary amine, nitro, SOa and -R^X. 

8. An adduct of a biological molecule with a squarate 
dye according to any one of claims 1 to 7, 

9. An adduct of a nucleoside or nucleotide or analogue or 
oligonucleotide or nucleic acid with a squarate dye of the formula (I) or (II) 
or (Ha) or (III) or (IV) or (IVa) 

where each Z is Independently O or S or CR\, 
n = 1-3. 

R^ is lower alkyi (1 - 4 carbon chain), 

each R2 is independently selected from electron donating 
and electron withdrawing groups such as halogen, alkoxy, primary 
secondary and tertiary amino, nrtro, S0^\ and -R'-X, or is a branched or 
straight chain of up to 30 carbon atoms incorporating one to five positively 
charged nitrogen atoms, 

each R^ is independently selected from: alkylene. 
alkenylene and alkynylene (1 - 20 carbon chain), or is a branched or 
straight chain of up to 30 carbon atoms incorporating one to five ether 
oxygen atoms or arylene rings or positively charged nitrogen atoms, 

at I ast one X is a nucleophilic functional group, such as 
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OH. SH or NHj, or alternatively a grouping capable of reacting with a 
nucleophile, in which case X is preferably selected from the following 

CO2H, activated carboxyt such as acid halide or anhydride, 
CO active ester. NCS. O phosphoramidrte, NC(0)CH2l and 




any other X present is independently selected from H and 
SOj" and the residue of a squarate dye (whereby dimers and oligomers of 
10 the dyes shown as monomers of formula (I), (II), (lla). (III). (IV) and (IVa) 
are envisaged), or other fluorochrome, 

each of s and m is 0, 1 or 2. 
A is O. NR' or S, 

is alkyi, alkenyl, alkynyl or H. and 
15 each Y is independently X or H. 

10. An adduct as claimed in claim 9, wherein the adduct has the 

formula Q-N-CO-Sq, where Q is a nucleotide or nucleotide analogue or 
oligonucleotide residue, and Sq is a residue of a squarate dye. the two 
being joined by an amide linkage formed between an amine group of Q 
20 and a carboxylate group of Sq. 



11. An improved fluorescent sequencing method, which 
comprises using an adduct according to claim 9 or claim 10. 

12. A fluorescent labelling complex comprising: 

• a first or donor fluorochrome having first absorption and 



25 emission spectra; 

• as cond or acceptor fluorochrome having second 

absorption and emission sp ctra, the wavelength of the mission 
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maximum of said s cond fluorochrome being longer than th wavel ngth 
of the emission maximum of said first fluorochrome. and a portion of the 
absorption spectrum of said second fluorochrome overlapping a portion of 
the emission spectrum of said first fluorochrome; 
5 • at least one linker for covalently attaching said first and 

second fluorochromes for transfer of resonance energy transfer between 
said first and second fluorochromes; 

• a target bonding group capable of forming a covalent bond 

with a target compound; 
10 wherein at least one of the said first and second 

fluorochromes is a squarate dye as defined in any one of claims 1 to 7, 
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